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ABSTRACT 
 Oneota exploitation of bison, elk, and deer is not well documented. Analysis of the remains 
of these animals from the Howard Goodhue site helps to address specific questions concerning the 
procurement, transport and post-transport processing of carcass remains. Results are interpreted 
through predictions of optimal foraging models such as Central Place Foraging and the Marginal 
Value Theorem. Inferences are bolstered by the environmental context of the late Holocene and with 
middle range observations of historic and modern hunter-gatherer behaviors. Documentation of the 
remains demonstrates a complex taphonomic history with extensive dual-patterning responsible for 
the high level of fragmentation observed. Twenty-three deer and 5 large ungulates were identified. 
The skeletal element frequencies suggest that deer were captured close to the village and transported 
relatively complete, whereas bison and elk were captured farther away and brought back in select 
carcass packages. Highly fragmented, spirally fractured marrow-bearing elements suggest increased 
processing intensity for within-bone nutrients.  
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CHAPTER 1  
INTRODUCTION AND BACKGROUND RESEARCH 
 
RESEARCH PROBLEM AND GOAL 
The Oneota, a late prehistoric group of hunter-horticulturalists are fascinating in many 
respects but our understanding of these people is far from complete. Several problems persist since it 
was originally defined nearly a century ago. Oneota research of previous decades has focused on a 
variety of important aspects such as cultural origins, historical connections, and ceramic studies but 
little attention has been paid to a detailed understanding of faunal exploitation. Until recently, 
assemblages from Oneota sites have not been subject to analyses that document and quantify faunal 
remains in a way that facilitates intersite comparison of taxon specific carcass utilization. In addition, 
these analyses are characterized by a lack of taphonomically-informed, middle range observations 
from which inferences can be drawn regarding non-cultural (i.e., carnivore attrition) and cultural 
processes (i.e., transportation and post-processing of carcass remains). Consequently, the exploitation 
of game including bison (Bison bison), elk or wapiti (Cervus canadensis), and white-tailed deer 
(Odocoileus virginianus) is not well documented. 
The objective of this research is to document Moingona exploitation of bison, elk, and deer at 
the Howard Goodhue site using contemporary zooarchaeological methods. In doing so, this research 
offers scholars new information and details of late prehistoric faunal exploitation so that comparisons 
can be made between contemporary (Oneota) and penecontemporary (Glenwood, Great Oasis) Late 
Prehistoric archaeological cultures. The Howard Goodhue site (13PK1), located along the Des 
Moines River in central Iowa contains a faunal assemblage that is large, well preserved, and is 
geographically situated in an ecological region that prehistorically would have facilitated the 
exploitation of bison, elk, and deer. Most importantly, this site provides an excellent opportunity to 
shed new light on a subject that is not well documented within Oneota studies. 
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To accomplish the research objective it is first necessary to report on the remains using 
current zooarchaeological methods to extract information on element abundance, species 
representation, and taphonomic influences. In turn, this fresh information will be used to evaluate the 
predictions and expectations of several interpretive tools. Specifically, the results will be weighed 
against the predictions posed by two forms of Optimal Foraging Theory (OFT), assessed under 
subsistence derived expectations determined through an understanding of the late Holocene 
environmental productivity in central Iowa, and evaluated through observations of historic and 
modern hunter-gatherer subsistence behaviors. In addition the results will be compared to two other 
Moingona faunal assemblages, those from the Christenson and Clarkson sites in order to establish 
more regional statements of faunal exploitation.  
 
THEORETICAL APPROACH 
The approach taken in this research is built on the principals of Behavioral Ecology (BE) 
which asserts that animals, including people respond to problems imposed by the physical and social 
environment. A subset of BE is OFT which holds that humans employ subsistence strategies that seek 
to maximize the net rate of energy gain (Bettinger 1991); however, not all organisms predictably 
conform to expectations imposed by varying conditions (Bird and O’Connell 2006). Therefore, a 
framework based on “constrained optimisation” (Winterhalder 2001:14) will be employed as a 
guideline to account for variability in human behavior. The application of OFT to zooarchaeological 
problems is justified because its use reveals new insights that have been demonstrated 
ethnographically (e.g., Hawkes et al. 1982; O’Connell and Hawkes 1981; Smith 1981; Winterhalder 
1981), and archaeologically (e.g., Broughton 1994; Cannon 2003; Grayson and Delpech 1998). This 
research will use a combination of two optimal foraging models, Central Place Foraging (CPF; Orians 
and Pearson 1979) and the Marginal Value Theorem (MVT; Charnov 1976) to evaluate ideas about 
Oneota foraging decisions. CPF will be used to evaluate predictions of carcass transportation 
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decisions, while the MVT will be used to evaluate post-transport processing of the bison, elk, and 
deer. 
Central Place Foraging 
Central Place Foraging Theory predicts that with increasing round-trip travel time (Ti), more 
search time (Si) will be spent in a given patch to acquire a size of prey (Ci) that optimizes the net 
return of energy (Orians and Pearson 1979; Figure 1.1). In other words, the more time that is spent 
searching in a given patch will result in a larger prey size equating to a greater return. Research 
conducted in California concerning foraging efficiency and resource intensification articulates the 
influence that body size has upon the relative rank of prey; that is, larger prey are generally more 
highly ranked (e.g., Broughton 1994). For this research, in order to evaluate the procurement and 
carcass transport of bison, elk, and deer, animal body size coupled with element frequencies will be 
used to account for transportation decisions that occur because of variables such as distance from the 
central hub, carcass size, and/or the number of people in the hunting party.  
According to some 
researchers, a maximum travel 
distance of 20-30 km (round-
trip) in a day is acceptable by 
many modern hunter-gatherers 
(Kelly 1995). When a certain 
distance threshold is passed 
(perhaps 10-15 km, one way) 
and a suitable prey is 
encountered and killed, the 
hunters must make decisions 
Figure 1.1. Central Place Foraging model, were T1, T2 is round-trip 
travel time; S1, S2 is foraging/search time; C1, C2 is the minimum 
acceptable prey size; and C’1, C’2 is the expected energy intake (after 
Bettinger 1991:Figure 4.4). 
EN
ER
G
Y
T1T2
C’2
C’1
C1
C2
S1 S2
Expected Time
Curve
Expected Time
Curve
Foraging 
Time
Travel Time 
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regarding the transport of the carcass into more manageable packages. According to Bunn et al. 
(1988), Hadza hunters routinely carry carcass packages weighing upwards of 25 kg for several 
kilometers. The Moingona Oneota may have used boats and/or dogs to help transport most of, or 
entire carcasses back to the central hub, which Ames (2002) and Jodry (2005) indicate would have 
substantially increased their logistical mobility and subsequent foraging distance threshold. At this 
point however, there is not enough secure archaeological evidence to substantiate such claims, so for 
purposes of this research it will be assumed they were pedestrian hunters.  
Marginal Value Theorem 
The MVT takes into consideration encounter rates and distance to predict an optimal time of 
departure once a patch (carcass) has been acquired (Bettinger 1991; Charnov 1976). Whereas, CPF 
offers expectations about transportation decisions and package size, the MVT provides a series of 
expectations about post-transport processing of the carcass package. In this case, the Prey-as-Patch 
model (PAP), a variant of the MVT is most applicable to this research since it is tailored for 
zooarchaeology (Burger et al. 2005; Figure 1.2).  
The PAP model 
provides a means for 
investigating post-acquisition 
choices of carcass procurement, 
specifically processing intensity. 
Experimental and ethnographic 
data have been used in the 
construction of this model to 
create gains curves pertaining to 
the actual food resource utility Figure 1.2. Cumulative gains curve for marrow extraction (after Burger 
et al. 2005:Figure 3). 
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(meat, marrow, and grease) of elements. The utilization of elements for some or all of its resource 
value is a primary constituent in zooarchaeology because element process intensity can be researched, 
for example through the degree of fragmentation or the percentage of spiral fractures observed in the 
assemblage. An assumption of the model is that processing decisions are always determined 
regarding the entire carcass as it is encountered in the field. This may seem to pose a problem with its 
potential application to a residential faunal assemblage. By first applying CPF to make inferences 
about package size, the PAP model can then be applied to elucidate the intensity of which remains 
were processed.  
Burger et al. (2005) define a “stop element” defined as the lowest utility element that displays 
evidence of marrow extraction, archaeologically interpreted through the occurrence of spiral 
breakage. This allows for interpretations of times of resource stability or “normal conditions” where 
only elements containing large portions of marrow are broken versus times of resource stress or “bad 
times” where elements with small amounts of marrow are also broken. The dichotomy provides a way 
to evaluate expectations under different subsistence conditions. For example, under “bad” times 
evidence for processing low utility elements such as phalanges in addition to procuring grease from 
long bone articular ends all of which are labor intensive projects and provide cost-ineffective returns. 
On the other hand, during “normal” conditions, one should expect to observe much less evidence for 
the utilization of resource-poor elements and grease processing. The combination of CPF and the PAP 
model will help elucidate decisions of carcass transport and element process intensity with the 
ultimate goal of refining the current knowledge of Oneota subsistence strategies. Table 1.1 provides a 
brief synopsis of the interpretive tools employed including how they will be applied and the data that 
will be used to support subsequent interpretations regarding human behavior.  
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ENVIRONMENTAL CONTEXT AND GAME AVAILABILITY 
 The late Holocene environment provides a 
necessary backdrop to begin exploring the exploitation of 
bison, elk, and deer in central Iowa and is an important 
factor in shaping the character of Oneota foraging 
behavior. The range of Oneota occupations is situated in 
the Prairie Peninsula, a geographical region that during the 
late Holocene incorporated parts or all of the states of 
Illinois, Indiana, Iowa, Minnesota, Missouri, Ohio, and 
Wisconsin (Figure 1.3). It is defined as an extension of 
western prairie tall grass and patches of deciduous forest 
into the Eastern Woodlands (Transeau 1935). The origin 
of the Prairie Peninsula has been attributed to one or both of two possibilities, a warming trend from 
the late Pleistocene to early Holocene favoring tall grass expansion (Bryson and Baerreis 1968), 
and/or fires set by humans presumably for reasons of subsistence (Brown 1991). Whatever the 
Figure 1.3. Prairie Peninsula at the time of 
early European contact (after Farney 
1980:43). 
Table 1.1. Interpretive tools used for this research. 
Interpretive 
Tool Application Predictions/Expectations Supporting Data 
Central Place 
Foraging (CPF) 
Construct inferences 
of carcass 
procurement and 
transport 
The farther from the central place, 
the more time will be spent 
looking for prey large enough to 
optimize the net return of energy 
Patterning in bison, elk, 
and deer skeletal element 
frequencies 
Marginal Value 
Theorem (MVT) 
Construct inferences 
of carcass post-
transport processing 
Establishes an optimal time of 
departure from a resource patch, 
in this case, a carcass 
Fragment size and 
fracture type of marrow-
bearing elements 
Environmental 
Context 
Bolsters inferences 
established from CPF 
and the MVT 
Environmental deterioration may 
have been responsible for reduced 
encounter rates of bison, elk, and 
deer in central Iowa 
Pacific and Neo-Boreal 
climatic episodes during 
the late Holocene 
Middle Range 
Observations 
Bolsters inferences 
established from CPF 
and the MVT 
Archaeological behavioral 
correlation with observations of 
historic/modern hunter-gatherer 
subsistence behaviors 
Carcass transport and 
processing behaviors of 
historic/modern hunter-
gatherers 
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mechanism for its expansion, it is agreed that the tall grassland environment became established 
around 9,000 B.P. and reached its farthest extent in Illinois around 7,000 B.P. (Changnon et al. 2003). 
According to Borchert (1950), there are three climatic factors that characterize the preservation of the 
Prairie Peninsula: less rain than the deciduous forests to the southeast, less snowfall than the regions 
to the north, and an easterly trend of increasing rainfall.  
The Red Rock region of central Iowa, and home of the Moingona Oneota (discussed below), 
is located in the geographic center of the Prairie Peninsula and should therefore reflect the 
aforementioned environmental conditions. Moingona phase is synchronic with two climatic episodes: 
the Pacific and the Neo-Boreal. The Pacific climatic episode is marked by a change in atmospheric 
circulation around A.D. 1200 that caused summer rains to diminish by 25-50% on the northern plains 
which triggered prairie expansion to the east (Baerreis and Bryson 1965:216-217; Bryson 1978). This 
decreased precipitation is suspected to have resulted in a 200 year drought on the Great Plains that 
would have been challenging and even disastrous for horticulturalists (Hall 1991; Harvey 1979; 
Semken and Falk 1987; Warren and O’Brien 1982). Conditions improved around A.D. 1450 with 
increased rainfall, but by A.D. 1550 had conditions deteriorated again with the onset of the Neo-
Boreal climatic episode, also known as the “Little Ice Age” (Bryson and Baerreis 1968; Penman 
1988). The climate again became cooler and drier which would have potentially disrupted the 
growing season for crops such as maize (O’Brien and Wood 1998:230-231). 
Game populations were quite diverse in Iowa during the late Holocene. Faunal remains from 
the Gast Farm site, a Woodland village in southeastern Iowa, indicates that edge-habitat animals such 
as white-tailed deer, raccoon, fox, skunk, squirrel, wolf, bobcat, cougar, turkey, black bear and turtle 
were frequently procured while prairie habitat animals such as ground squirrel, pocket gopher, 
coyote, and elk were infrequently procured (Neverett 2001). Furthermore, the paleoecology of the 
Gast Farm site is described as lacustrine, which generally parallels many prehistoric residential site 
locations in central Iowa (Gradwohl 1974). Bison and elk populations were likely scarce during the 
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late Holocene of central Iowa, whereas deer were abundant judging from the paucity of bison and elk 
remains and abundance of deer remains at residential sites (e.g., DeVore 1984; Kelly 1990). Bison 
were more prevalent at prehistoric sites in western Iowa (e.g., Fishel 1999; Tiffany and Anderson 
1983).  
 The zooarchaeological analysis of the bison, elk, and deer from the Howard Goodhue site 
offers an opportunity to provide new light on the problem of faunal exploitation during a time of 
suspected environmental deterioration (discussed in Chapter 5). Specifically, the results can be 
weighed against the expectations derived from the outlined theoretical approach above which will 
consequently provide a means to support or refute claims of reduced environmental productivity.  
 
ONEOTA 
Oneota sites are scattered throughout the Prairie Peninsula (Figure 1.4). In general these sites 
are characterized by the presence of shell-tempered globular ceramics, large residential villages with 
oval wigwam and longhouse domestic architecture, and a broad spectrum diet with an emphasis on 
maize horticulture (Alex 2000; Boszhardt et al. 1995; Green 1995; O’Brien and Wood 1998). In 
addition to ceramic technology, other Oneota archaeological material includes end scrapers, small 
triangular projectile points, bison and elk scapula hoes, elk antler picks, deer mandible sickles, and 
occasionally, catlinite disk pipes and copper items (Betts 2000; Fishel 1999). Lastly, it is generally 
agreed that the Oneota culture is associated with Chiwere-Winnebago speaking groups including the 
Ioway, Oto, Missouri and Winnebago tribes (Alex 2000; Benn 1995; Betts 2000; Fishel 1999; Theler 
and Boszhardt 2003). 
In Iowa, Oneota sites are found in four clusters. The Correctionville phase (A.D. 1300-1500) 
is located in the extreme northwest corner of the state (Harvey 1979). The Orr phase (A.D. 1650-
1690) is found along the Upper Iowa River in northeast Iowa (Betts 1998). The Burlington phase 
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(A.D. 1300) is found in southeast Iowa along 
the Mississippi River (Henning 1995). The 
focus of this research is the Moingona phase 
located along the Des Moines River valley in 
central Iowa. 
Moingona Phase 
The Moingona phase represents the 
earliest Oneota presence in Iowa (A.D. 1100-
1400; Moffat 1998). Spatially, Moingona phase 
sites are restricted to the Red Rocks Reservoir 
and Saylorville localities. Sites range in size 
from 0.1 to 2.0 km2 and typically occur on 
upper river terraces associated with the Des 
Moines River and its tributaries. Moingona 
phase material culture is very diverse. The 
pottery conforms to the general design style 
and form of Oneota in Wisconsin (Hall 1962) 
and Iowa (Henning 1961). Chipped stone artifacts include small triangular arrow points, drills, 
knives, scrapers and a variety of ground and pecked stone tools. Bone tools include elk antler picks, 
elk and bison scapula hoes, awls, needles, fishhooks, socketed points, scrapers, and hide grainers 
(Gradwohl 1974).  
Moingona phase subsistence is described as a broad-based strategy including hunting, fishing, 
maize-bean-squash horticulture, gathering of wild plants, and fresh water mussel collection (DeVore 
1990). Gradwohl (1974) asserts a diverse faunal diet breadth in Moingona subsistence including deer, 
elk, bison, canids, raccoon, beaver, fish, turtles, waterfowl, and other small birds. The pattern of 
1. Mero 
2. Grand River/Lake Winnebago 
3. Koshkonong 
4. Langford 
5. Fisher/Huber 
6. Bold Councelor 
7. Red Wing 
8. La Crosse 
 
9. Bear/Riceford Creeks/Orr 
10. Apple River 
11. SE Iowa/Burlington 
12. Blue Earth 
13. Dixon/Correctionville  
14. Blood Run  
15. Leary  
16. Chariton River 
 
Figure 1.4. Oneota localities (after Theler and 
Boszhardt 2003:Figure 11.1). 
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settlement may reflect periodic occupation of large villages near main river valleys in conjunction 
with seasonal “sister” locales in the uplands or along tributary streams. An abundance of storage pits 
at the large village sites and identifiable house structures at several sites indicates indicate a 
commitment to the landscape and at least a semi-sedentary settlement pattern (Benn et al. 2003; 
Fishel 2001; Moffat 1998). The relative lack of bison remains in Moingona Oneota sites compared to 
sites in western Iowa (Mill Creek and Correctionville Oneota) may indicate that bison were relatively 
uncommon in central Iowa and hunting deer and farming formed the core of the subsistence focus.  
Howard Goodhue Site 
 The Howard Goodhue site is located at the confluence of the Des Moines and North rivers 
(Figure 1.5). The National Park Service negotiated contracts with Iowa State University to conduct 
Figure 1.5. Location of the Howard Goodhue site.  
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surveys of the Red Rock area based on the recommendations of the original surveyors (McKusick and 
Ries 1962) that the area should be surveyed more extensively based on the artifact collection of the 
land owner. After additional surveys, the site was selected for excavation which occurred during the 
summer field seasons of 1965 and 1966. In 1965, 22 10-x-10 ft. units and 44 features were excavated, 
and in 1966, 26 10-x-10 ft. units and 27 features were excavated. All told, 48 units (446 m2) and 71 
features were excavated (Gradwohl 1973; Figure 1.6). Excavation primarily involved shovel 
skimming and dry screening using ½ in. mesh screens, although troweling was employed when 
cultural material was encountered (DeVore 1990:4).  
Three radiocarbon dates are available for the Howard Goodhue site: A.D. 1190 ± 60 (WIS-
733), A.D. 1650 ± 200 (SI-357) and modern (GaK-879; Gradwohl 1973:126-127). At present, A.D. 
1190 ± 60 is generally considered to be the best age estimate for the site.  
The artifact assemblage is in accordance within the broader context of Moingona phase 
occupations in general (Table 1.2). The site is particularly noted for its inferred mortuary practices. In 
addition to the excavation units and features mentioned above, a curved arrangement of 40 postholes 
was excavated in 1966. Gradwohl (1973) interpreted these postholes as part of a mortuary enclosure 
measuring roughly 15-18 m in diameter. The faunal assemblage, as reported by Gradwohl (1973), 
includes 16,853 specimens, of which 3,222 were identified to species, including deer, elk, bison, 
squirrel, gopher, mouse, muskrat, beaver, bear(?), canid, raccoon, skunk, bird, turtle, and fish. Except 
for the small rodents, these remains are interpreted as discarded food remains (Gradwohl 1973). As 
for the three prey species of interest in this study, 54 bison, 52 elk, and 592 deer remains were 
identified, leading Gradwohl to infer:   
…the range of body parts present for deer would suggest that these slain 
animals… were brought back to the settlement more or less in toto. Bison 
and elk, on the other hand, are much less prevalent in the faunal inventory, 
and the body parts are much more selected. It would appear that bison and 
elk were hunted at some distance from the settlement, that the animals were 
butchered at the kill sites, and that only selected parts of the carcasses were 
brought back to the settlement (1973:83). 
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Beyond this preliminary interpretation, heretofore, no zooarchaeological analysis has been conducted 
on the remains of these animals.  
 
Figure 1.6. Excavation map of the Howard Goodhue site. 
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  Table 1.2. Inventory of artifacts from the Howard Goodhue site 
(Gradwohl 1973). 
Category Artifact n 
Ceramics complete jar 11 
  jar rim sherd 1,486 
  body sherd 33,662 
  isolated handle 156 
  small bowl (complete and sherd) 23 
Stone Tools projectile point (complete and broken) 376 
  end scraper 723 
  side scrapers/retouched flake 417 
  bifacial/bilateral edge retouched flake 154 
  drill 26 
  graver 31 
  thin biface 280 
  thick biface 10 
  utilized flake 1,585 
  waste flake 14,745 
  core and core fragment 329 
  abrader 165 
  grinding stone 116 
  hammerstone 70 
  celt 17 
Worked Bone bison scapula hoe 14 
  awl or punch 42 
  needle 21 
  fishhook 14 
  hide grainer 3 
  beamer 1 
  flesher 2 
  quill flattener 3 
  spatula or scoop 3 
  shaft wrench 1 
  worked deer phalange 6 
  antler or bone point 7 
  antler rake or pick 7 
  antler billet 12 
  beaver incisor pendant 10 
  decorative item 16 
Worked Shell spoon or scoop 47 
  perforated shell 9 
  shell with serrated edge 12 
  incised shell 4 
  zoomorphic effigy cut-out 3 
  bead 3 
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Current Knowledge of Oneota Faunal Exploitation 
 The Howard Goodhue site is not alone in its preliminary analysis of Oneota faunal 
exploitation according to a survey of literature that provides data on faunal remains (Table 1.3). Many 
sites only report basic specimen tallies and the minimum number of individuals for each species. In 
addition, basic documentation of bone modifications have rarely been recorded, which makes it 
difficult to infer inter-site variability in faunal exploitation. As a result, beyond the clear evidence that 
indicates Oneota people practiced a broad-based subsistence strategy, the almost dogmatic 
interpretation of local procurement and complete transport of deer and non-local procurement and 
selective transport of bison and elk calls for more detailed examination.  
 
ORGANIZATION OF RESEARCH 
 Chapter 2 provides a survey of the ethnohistorical literature from the Midwestern United 
States, as well as ethnoarchaeological research of hunter-gatherers concerning the exploitation of 
bison, elk, and deer. Specifically, documented patterns of hunting and butchery practices will be used 
with a middle range interpretive approach in order to establish a reference baseline from which 
inferences can be drawn concerning patterns of faunal exploitation observed at the Howard Goodhue 
site.  
 Chapter 3 discusses the methods employed during the analysis of the faunal assemblage 
including a detailed description of the terminology used, as well as the specific zooarchaeological 
applications employed. 
Chapter 4 provides the results of the research. Specifically, the bison, elk, and deer remains 
will be quantified in a way that will enable interpretations of carcass transport and processing 
decisions. Furthermore, culturally and non-culturally derived surficial modifications including 
burning, breakage, cutmarks, carnivore modification and rodent modification are presented to enable 
the taphonomic reconstruction of the remains.  
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Table 1.3. Reported quantification and taphonomic attributes from selected Late Prehistoric sites. 
Site # Name N
IS
P 
M
N
I 
M
N
E
 
C
ut
m
ar
ks
 
B
re
ak
ag
e 
B
ur
ni
ng
 
T
oo
th
m
ar
ks
 
W
ea
th
er
in
g 
Reference 
13WA2 Clarkson X X X X X X X X Otarola-Castillo 2006 
13WD8 Dixon X X  X X X X X Fishel 1999 
13AM200 Lane Enclosure X X X X  X X  Scott 2005 
13WD88 Cowan1 X X  X  X X  Morrow et al. 2005 
13PK407 Christenson X X X   X   Kelly 2003 
13MA207 Dawson X X    X   Kelly 1990 
13MA208 Norman Dille  X X    X   Kelly 1990 
13MA209 Wildcat Creek X X    X   Kelly 1990 
13WA105 Cribb's Crib X X       DeVore 1984 
13MA30 Mohler Farm X X       Otarola-Castillo 2005 
13DK1 Milford X X       Tiffany & Anderson 1993 
13DM3 Kingston X X       Straffin 1971 
13CK21 Phipps1 X X       Dallman 1983 
13AM201 Grant Village X X       McKusick 1973 
47LC34 Valley View X X       Stevenson 1994 
47LC185 North Shore X X       Theler 1994 
47CC59 Jim Braun X X       Theler 1994 
21HU2 Farley Village X X       Theler 1994 
47LC61 Pammel Creek X X       Theler 1989 
47LC485 Holley Street X X       Theler 1994 
47LC95 Tremaine X X       Theler 1994 
47LC19 Midway Village X X       Scott 1994 
21WA3 Sheffield X X       Gibbon 1973 
21BE2 Cambria  X       Anfinson 1997 
21FA2 Vosburg  X       Anfinson 1997 
11WO23 Keeshin Farm X        Berres 2001 
11WT40 Lawrence X        Berres 2001 
47LC176 State Road Coulee X        Theler 1994 
13CK15 Brewster1 X        Dallman 1983 
13OB4 Wittrock1 X        Frankforter 1969 
13PM4 Kimball1 X        Frankforter 1969 
13LA84 Poison Ivy X        Alex 1978 
13LO2 Blood Run X        Harvey 1979 
13CY2 Gillett Grove X        Titcomb 2000 
13PK1 Howard Goodhue X        Gradwohl 1973 
  Totals (n=35) 33 25 3 4 2 8 4 2   
1 Late Prehistoric but not Oneota. 
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  Chapter 5 discusses the findings of the research with attention paid to a more comprehensive 
understanding of faunal exploitation of Moingona Oneota to verify or falsify the expectations derived 
from the interpretive framework and the environmental context. In addition, the results of the 
quantification and basic documentation of the remains will be compared with the findings of two 
contemporarily analyzed Moingona faunal assemblages, the Christenson and Clarkson sites, to 
establish a regional pattern of Moingona settlement and subsistence. Evidence for the interpretation of 
resource depression is provided.  
Chapter 6 provides the summary and conclusions of the research with an emphasis upon the 
application of anthropological archaeology. Lastly, a means to conduct future research will be 
suggested from the results of a GIS (Geographic Information Systems) analysis based on prehistoric 
sites in central Iowa that are most similar to the Howard Goodhue site in terms of locational 
(environmental) attributes.  
 
  
17
CHAPTER 2 
MIDDLE RANGE RESEARCH 
 
Middle range research offers archaeologists to establish reference baselines from which to 
bolster their inferences concerning behavioral aspects of their research. The objective of middle range 
research is to “discover causal relationships…. conducted through the study of living systems where 
both dynamic and static derivatives may be potentially observed” (Binford 1981:26). When cause and 
effect relationships can be observed through historical or modern hunter-gatherer behavior, a 
theoretically informed bridge such as middle range research strengthens inferences formed between 
the static archaeological record and the dynamic past. Specifically, middle range research combines 
inductive, high-order theory with deductive, low-order empirical data to produce “grounded” 
inferences about the past (Raab and Goodyear 1984).  
One criticism of middle range theory is that linkages between modern behavior and the 
archaeological record are based on uniformitarian assumptions about the past. Modern hunter-
gatherer groups are believed to be representative of patterns observed in the archaeological record 
because they are assumed to be fixed templates. Binford (1981) justifies the use of uniformitarian 
assumptions as intellectual anchors that provide points of knowledge to determine if certain linkages 
are warranted. Uniformitarian assumptions that make simple “A-to-B” connections fall into general 
theory that are based on biased, unfounded ideas about the past. For middle range theory to be 
effective, it must be independent from general theory by testing empirical ethnographic observations 
against patterns in the archaeological record. Testing can be conducted through hypotheses of 
expectation according to differing conditions. Under a certain set of conditions, how do different 
hunter-gatherers respond to decisions pertaining to their subsistence?  
Two sources of middle range information will be provided to bolster the 
predictions/expectations posed by the theoretical approach used in this research. The first source is a 
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survey of the ethnohistorical record of the Great Plains and Midwestern Prairie Native American 
groups in regards to observations of pre-horse and pre-gun hunting, butchery, and food consumption 
behaviors. Admittedly, much of the information provided in this section is anecdotal but even if it 
was not recorded with firsthand knowledge, experience, or scientific investigation, it still offers 
important baseline information. Because ethnoarchaeological data is not available for the Midwestern 
United States, the following ethnohistorical accounts are felt to best represent the possible range of 
Moingona behavioral variability. Furthermore, since the Moingona phase extends to the historic 
period, it is likely that they disseminated into some of the historic Native American groups outlined 
below and therefore documentation of specific behavioral accounts has potential for correlation with 
findings from this research.  
The second source of middle range information stems from observations documented during 
ethnoarchaeological research of modern hunter-gatherer subsistence behaviors, specifically the 
Nunamiut of central Alaska (Binford 1978), the !Kung Bushmen of western Botswana (Yellen 1977), 
and the Hadza of northern Tanzania (Bunn et al. 1988; O’Connell et al. 1988). Ultimately, the 
documentation of these behaviors will enable a middle range application to this research by enabling 
if/then statements of differing expectations that can be evaluated archaeologically with OFT-based 
models. For example, if historic/modern hunter-gatherers are central place foragers, then what types 
of decisions do hunters make in the field regarding carcass part selection for transport? Similarly, if 
historic/modern hunter-gatherers were experiencing resource stress, then what is the lowest utility 
element that is processed for resource extraction? The answer to these questions will serve as a 
baseline to elucidate patterns observed in the analysis of the Howard Goodhue remains. 
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ETHNOHISTORICAL OBSERVATIONS OF LARGE GAME EXPLOITATION 
 
Bison 
Bison were historically abundant in the Great Plains and less so in the Midwestern Prairie. 
They ranged east-west from the foothills of the Rocky Mountains to the eastern extent of the Prairie 
Peninsula in Illinois and north-south from northern Saskatchewan to the southern plains of Texas 
(Lott 2002). Historically, bison were most abundant in the mixed-grass prairies of South Dakota, 
Nebraska and Oklahoma (Lott 2002; US Fish and Wildlife Service 1995). Among many Great Plains 
and Midwestern Prairie Native American groups bison was the primary subsistence resource, not only 
for food but for clothing and shelter construction material (Ewers 1958; Verbicky-Todd 1984). 
Procurement and Transport  
At contact, most Native American groups conducted an annual bison hunt. An alternating 
subsistence strategy of corns, beans and squash agriculture was interspersed with one to two summer 
and/or fall communal bison hunting events. According to Driver (1969) this pattern was especially 
true for Indian groups of the Upper Missouri (e.g., Ponca, Omaha, Pawnees, Otoe, Missouri, Kansa, 
and Osage) and the Upper Mississippi and Great Lakes region (e.g., Illinois, Iowa, Winnebago, 
Santee, and Miami). Nicolas Perrot, a French fur trader who documented several “pristine” groups 
from 1660-1717 in present-day Wisconsin, Iowa, Illinois, and Michigan, noted that these groups 
would plant their crop in early spring and wait until July for the crops to be well established before 
they set out on their first bison hunt. They would return to their village in the fall to harvest their 
crops then go back to the Plains once more to hunt bison before winter set in (Blair 1911). Most 
Indian groups traveled to the mixed-grass prairie region, sometimes upwards of several hundred miles 
to reach bison herds; however, in the 17th Century, it was observed in Illinois that bison were obtained 
in greater numbers locally than any other species of large game (Driver 1969; Fletcher and La Flesche 
1992).  
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One communal method of hunting 
bison was the fire surround. According to 
Perrot, the fire surround was the most 
popular method of hunting bison among the 
Indian tribes of the Upper Mississippi valley 
and Great Lakes region during the summer 
and fall (Blair 1911). When a bison herd was 
sighted, the village would move to a 
temporary position closer to the herd. To 
surround the herd, three parties of men would leave the camp at night in different directions to 
effectively form a three-sided wall by day break. The grass was lit on fire and animals were 
dispatched as they tried to escape the enclosure of hunters.   
 Bison were also hunted using methods other than communal tactics, especially in the winter 
when bulls were more likely to be isolated from the herd. To pursue these animals, historic groups 
such as the Assiniboine would employ the use of snowshoes (Figure 2.1) and often overtake the bulls 
in gullies or valleys where they would become trapped by snow drifts (Denig 2000).   
Butchery and Consumption 
 Several Great Plains and Midwestern Prairie groups employ a disarticulation sequence that 
can be observed in general terms from the following example taken from the historic Omaha tribe 
(Fletcher and La Flesche 1992).  
1. The animal was skinned and the hide laid out to hold the meat as it was cut from the 
carcass. 
2. One of the hind legs was disjointed at the hip. The flesh of the leg was cut lengthwise, 
following the natural folds of the muscle and the bone extracted and discarded. 
3. The intestines were removed and saved.  
4. The fore leg was disjointed at the shoulder and the bone extracted and discarded. 
5. The breast meat was removed and saved. 
6. The ribs were severed from the backbone and saved. 
Figure 2.1. Hunting in winter using snowshoes (from 
Carlson 1998:91). 
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7. The tongue was cut out from the skull. The tongue in addition to the brains and the small 
intestines of a calf were considered delicacies and were eaten as they became available. 
 
Carlson (1998) describes some of the snacking behavior of Plains Indians observed at a kill 
site as animals were being butchered. The liver, kidneys, tongue, eyes, testicles, belly fat, parts of the 
stomach, gristle from the snout, marrow from leg bones and the hoofs of unborn calves were all eaten 
as they became available it the butchery process. Additional delicacy items included raw brains mixed 
with marrow, and raw liver sprinkled with bile from the gall bladder were particularly favored by 
children. 
There is undoubtedly much variability in the specific ranking of carcass parts; however, 
certain general patterns can be observed in which certain parts are favored over others. The following 
example taken from the historic Omaha tribe can be used not as a template but as a tentative guide for 
the relative ranking of meaty items from highest to lowest (Fletcher and La Flesche 1992).   
1. Side meat (between the ends of the ribs and the breast) 
2. Hind quarters 
3. Ribs 
4. Stomach, beef tallow, and intestines 
5. Back 
6. Breast 
7. Forequarters 
 
Bison meat was generally consumed in great quantities after the annual hunt. Boiling the 
meat was the most common method of cooking by heating rocks and placing them in a hide-lined pit 
or hide paunch suspended by four sticks anchored in the ground. The boiling method was also 
preferred over roasting because a nutritious broth or gravy could be created from the water by adding 
marrow or bone grease (Miller and Seaburg 1990). However, most bison meat procured during the 
summer or fall was dried for later consumption during the winter. This activity was conducted at the 
base camp by the women in a process that could take days of continuous work to accomplish. Most of 
the jerky was then converted into pemmican by pulverizing the dried meat into small chunks then 
mixing it with melted fat, usually bone grease. Dried fruit or even peppermint leaves were added to 
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the mixture to add flavor and serve as a preservative. Lastly, when the conglomerated mass cooled, it 
was cut into small cakes and stored for later consumption (McCabe 2002).  
White-Tailed Deer 
White-tailed deer prefer edge habitats and generally avoid open grasslands and mature 
woodlands (Fulbright and Ortega-S. 2006; Osborn 2003; Theler and Boszhardt 2006). Their prime 
habitat is a mosaic of vegetation that provides a maximum amount of nutritional browse, forbs, 
grasses, lichens, mast, and succulents. The importance that white-tailed deer played in the diet and 
subsistence of Great Plains and Midwestern Prairie groups varied from primary importance to 
somewhat important.  
Procurement and Transport  
The historical documentation of Great Plains and Midwestern Prairie groups pertaining to the 
hunting of deer reveals a similar pattern of exploitation. The dominant pattern of subsistence in the 
region places primary reliance upon bison hunting in the prairie lands, such that many groups would 
abandon their villages seasonally to partake in communal bison hunts during the summer and fall. 
However, certain groups ranked deer higher than bison or elk in their subsistence because of their 
increased chances of encounter and ease of transport. In fact, some groups periodically organized 
communal hunting parties to procure deer (Hickerson 1965, 1970). If the communal hunt involved 
driving deer, it typically involved a number of men employing strategic use of fire, dogs, or fencing 
to force the deer to pre-positioned hunters (Waselkov 1979). Fire-use, specifically for hunting deer 
was used to drive the animals from the prairie to wooded areas where they could more be effectively 
hunted (Hodge 1907). Additionally, the fire-surround was documented by Perrot as a method for 
hunting deer and elk; however, these animals are more apt to escape than bison, therefore its 
employment as a hunting tactic was rare on the Great Plains and Midwestern Prairie (Blair 1911). 
Samuel de Champlain describes the Iroquoian Neutrals driving deer into a pen, thus capturing 120 
animals within 38 days (Lowie 1982).  
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Deer were generally hunted year-round but because bison were the primary focus in the 
summer and early fall, deer and elk hunting was more important in the winter. For example, the 
Kansa (Molloy 1993) and the Menomee (Kay 1979) preferred to hunt deer during winter when snow 
would hinder the mobility of animals, thus making them easier to hunt, especially with the aid of 
snowshoes. In addition, Fletcher and La Flesche (1992) state that the Omaha preferred to hunt deer 
and elk in the early winter because these animals (at least the does and cows) were in peak condition 
with plenty of fat. Other documented methods of hunting deer other than with a bow and arrow or 
communal driving techniques include trapping methods such as snares set on trails (Schorger 1953), 
pitfalls, and deadfalls (Driver 1969).  
Butchery and Consumption 
Deer butchery is not well documented in the ethnohistorical record. The Oto followed strict 
rules of field butchery after a deer had been killed; the hunter to initially injure or kill a deer claimed 
the forelimbs, ribs and backbone, while if a second hunter approached the kill to help field process the 
animal, he was entitled to the hindlimbs. If a third hunter approached to help, he was entitled to the 
head and the hide (Whitman 1969). The Omaha follow similar rules such that carcass portions of a 
deer are divided up based on who arrived at the kill first. The hunter responsible for the kill is not 
necessarily entitled to choice carcass parts based on this “first-come, first-serve” rule (Fletcher and La 
Flesche 1992). For the Assiniboine, deer were generally pursued by individual hunters and therefore 
when killed, in order to maximize the amount of food brought back to camp, a deer was skinned and 
entirely defleshed. The meat was packed in the hide and tied in a bundle by the skin of the legs, in 
such a way as to form a collar that could be drawn over the head of the hunter and rested on the 
forehead (much like a tumpline). To pick up the bundle, the hunter would lie on his side, slip the 
collar into place and then rise up with the weight of the package resting between his shoulders (Denig 
2000). In archaeological circles, this method is known as the “schlep effect” (Perkins and Daly 1968). 
Since white-tailed deer were generally hunted year-round or at least in the winter as a supplement to 
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the supply of bison meat, there was not much emphasis placed on the preservation of the meat. 
Therefore, when a deer was killed it was consumed quickly within days.  
Elk 
 Before European settlement, elk (Cervus sp.) occupied the range of habitats in North 
America, but today they are found only in the mountainous regions of western states and Canadian 
provinces (Skovlin et al. 2002). Prehistoric Eastern elk which occupied the Great Plains and 
Midwestern Prairie most likely favored riparian areas within grasslands and/or mixed broadleaf 
forests interspersed within grassland ecotones (McCabe 2002).  
Procurement and Transport 
 Ethnohistorical documentation pertaining to the exploitation of elk all seem to make the same 
general conclusion: elk was not a primary subsistence resource and was taken opportunistically as a 
secondary source of food (Howard 1995; Trigger 1978). When elk were pursued as a primary 
resource, it was generally for the hides and antlers (McCabe 2002). The hunting of elk fits the same 
basic pattern of hunting for deer, but whereas deer were targeted year-round, and especially in the 
winter as a supplementary resource, elk were taken opportunistically. The fire surround was used by 
the Santee Sioux, Southeastern Ojibwa, Ottawa, Winnebago, Illinois and Miami (Feest 1978; Lowie 
1982). However, the fire surround method was not as reliable as with bison because elk, as well as 
deer, were more apt to escape because they are more flighty animals and do not have such ingrained 
herd tendencies as bison (Blair 1911). In 1707, Louis Armand de Lahontan documented the 
Cheyenne, who then occupied the eastern forests near the Great Lakes region, hunting elk and deer by 
driving them into enclosures (McCabe 2002). 
 Other than the rare occurrence of organized communal hunts, elk were more often pursued by 
individual hunters or in small groups of two or three. The Omaha, Assiniboine, Gros Ventre, and 
Hidatsa hunted elk in early winter, as this was when the animals (especially the cows) were in peak 
condition, and also in the spring when the hides of cows were most pliant from calving (Flannery 
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1975). In addition, the Pawnee, Yankton Sioux, Oto and Kiowa preferred to target yearling elk in the 
spring and early summer because the meat was valued over the older animals (McCabe 2002). As 
with bison and deer, a popular method of hunting elk was conducted in winter by chasing the animal 
on snowshoes into a snow-filled gully or valley where the animal would be less mobile. Also in the 
winter, Oto and Ponca hunters were documented chasing elk to rivers covered in thin ice where the 
animals would fall through and be shot with arrows as they struggled in the water (Howard 1995). 
Interestingly, the Assiniboine were one of the few Plains Indian tribes to not only use dogs as pack 
animals but also to aid in the hunting of elk and other large game.  
Butchery and Consumption 
 According to Fletcher and La Flesche (1992), the same rules of butchery apply to elk as with 
bison in the Omaha tribe. However, elk meat generally ranks lower than bison and deer meat among 
many historic Native American groups (McCabe 2002). Plains Indians often describe elk meat as 
“unpalatably sweet” and greatly inferior to bison meat (McHugh 1979:286). During times of food 
stress however, elk meat was dried and preserved using the general method employed for bison meat 
(McCabe 2002). 
 
ETHNOARCHAEOLOGICAL RESEARCH OF LARGE GAME EXPLOITATION 
The purpose of this section is to summarize the observations made by professional 
archaeologists of modern hunter-gatherer behavior concerning butchery and consumption practices. 
This ethnographic material, much like the ethnohistorical material serves as a guide to determine the 
relevant variables that are responsible for variability. The Nunamiut of central Alaska (Binford 1978), 
the !Kung Bushmen of western Botswana and portions of Namibia and Angola (Yellen 1977), and the 
Eastern Hadza of northern Tanzania (Bunn et al. 1988; O’Connell et al. 1988) are the three groups 
chosen to outline the behavioral variability concerning butchery and consumption practices. 
Unfortunately, these groups either occur at a high latitude (as with the Nunamiut) or low latitudes (as 
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with the !Kung Bushmen and the Hadza). Therefore, none of these groups are truly representative of 
the prehistoric hunter-gatherers of the continental U.S. because of environmental seasonality reflected 
by the latitude. However, this does not pose a problem because variability, as Binford (1978:87) puts 
it, “is the name of the game.” As such, the documented behaviors concerning butchery and 
consumption have correlates that can be used as a guide anywhere in the world for middle range 
interpretations of the archaeological record.  
Nunamiut 
 The Nunamiut are inland Eskimo that occupy the Anaktuvuk Pass of the Brooks Range of 
north-central Alaska. They practice a pattern of semi-sedentary residential mobility that is organized 
around the migration of caribou herd migration. As such, their subsistence consists mostly of meat 
procured from caribou during seasonal migrations interspersed with periodic supplementation of 
sheep. The information regarding Nunamiut butchering and consumption practices that will be used 
in this section was compiled by Lewis R. Binford throughout the 1970s and published in 1978. 
Butchery Process 
 When a caribou or sheep is killed there are generally two episodes of butchery that occur. 
Primary butchering occurs at the kill site and decisions are based upon several factors such as (but 
certainly not limited to) the time of year, the time of day, the number of people in the hunting party, 
the distance to camp, whether the hunters are on foot or brought snowmobiles, and/or the presence or 
absence of pack dogs. For instance, during the late fall, winter and early spring, butchered elements 
can be heavier and bulkier because they can be transported by a snowmobile or dog sled. On the other 
hand, during late spring, summer and early fall when there is general lack of snow on the ground, 
human porters or pack dogs are required to transport butchered elements back to the residential camp. 
Secondary butchering generally occurs only if the hunter(s) are gone from the residential camp 
overnight and have therefore established a temporary hunting camp where some portions of the 
carcass will be consumed. 
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 Binford documented five cases of primary butchery of caribou in the months of September 
and October, 1969. A generalized sectioning of carcass parts which is not necessarily in order of 
occurrence is as follows: 
1. Antlers, skill and mandible 
2. Cervical vertebrae portion of the backbone 
3. Thoracic vertebra including the first 2 ribs of each side 
4. Lumbar vertebra, sacrum and pelvis 
5. Sternum and coastal ribs 
6. Ribs slabs (10 ribs from each side) 
7. Front legs 
8. Rear legs 
 
 In general, these carcass portions reflect the size of the package which would subsequently be 
transported back to the residential camp. Binford states that variability of butchery practices of the 
Nunamiut is mainly due to the seasonality of the region which directly reflects decisions regarding 
carcass part transportation. Most importantly however, Binford claims that there is not a generalized 
Nunamiut way of butchering which is in opposition to his observations of the Alyawara-speaking 
Australian Aborigines in which there was virtually no variability witnessed in butchery technique.  
 Consumption and Processing 
 When a carcass (caribou or sheep) is brought to the village, it is usually divided into two 
components: (1) meat for immediate consumption, including marrow from the long bones, and (2) 
bone portions that will be processed for grease at a later time. Starting with the legs which normally 
include a complete leg or the leg minus the metapodials and phalanges, the meat is striped from the 
bone and boiled. If the meat is determined to contain enough fat, no marrow will be consumed with it. 
However, if the meat is particularly lean then marrow will be consumed with it, either on the side or 
stirred in to make gravy out of the broth. A stew is also created from the axial skeleton, similar to the 
appendicular elements, except no effort is made to remove the bones from the meat. When the meat is 
cooked it is simply picked off the vertebrae and ribs. As for marrow, many Nunamiut informants 
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claim that quality of marrow is higher in the metapodials and phalanges than the upper forelimbs 
which are subsequently considered higher than the upper hindlimbs.  
The lower limb elements are generally left articulated and unskinned in the winter and when 
enough have accumulated over the winter, the marrow will be extracted to make akutuk, or marrow 
cakes. If it is determined that food will not be in short supply in the upcoming season, the phalanges 
will be given to the dogs but if there is any concern regarding the food supply the phalanges will be 
processed for marrow in addition to the metapodials. When the hoof is boiled to remove the 
phalanges, the jelly that encapsulates them will be eaten.  
Much like the lower limb elements, the Nunamiut will accumulate the articular ends of long 
bones as they are processed and when there are enough, they will commence in the arduous task of 
rendering grease. The long bones contain white grease which is favored over the yellow grease which 
is generally only procured from axial elements during times of food stress. The manufacture of bone 
grease is usually conducted just prior to the abandoning of a winter site in the spring. To begin, a 
work area is prepared outside by laying out a hide that will act as a tarp to collect small bone 
fragments. In addition, a large supply of firewood is needed to continuously boil water. A stone maul 
or metal hammer is used in conjunction with an anvil stone to pulverize the cancellous grease-bearing 
bone. First, the bone must be “seated” on the anvil stone by tapping it several times with the stone 
maul or hammer so that when large swings are taken, the bone does not shoot out from a misplaced 
hit. Small chunks of bone are added to the boiling water and when the pot is full, snow will be added 
in order to cool the water and congeal the fat on the surface, at which point it is scooped off. 
Rendering grease in this way usually takes one to three days of continuous work. 
!Kung Bushmen 
 Yellen’s (1977) ethnoarchaeological study with the !Kung Bushmen is an important resource 
regarding the cultural patterning of faunal remains based on butchery and consumption practices of 
modern hunter-gatherers. The !Kung Bushmen are located in western Botswana on the fringe of the 
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Kalahari Desert and subsist in large part on animal resources. Yellen’s observations between 1968 
and 1970 of large game exploitation included large antelope, gemsbok, kudu, and wildebeest. These 
animals range between 140 and 270 kg which compare quite nicely with similar-sized animals from 
North America such as bison, elk and deer, although only the largest of bucks ever reach 140 kg. 
Butchery Process and Snacking Behavior 
 Animals are usually hunted using a bow and poisoned arrow, the poison generally responsible 
for killing the animal as opposed to a well-placed shot to vital organs. When a carcass is encountered 
there are three possible courses of action that can be taken: (1) the carcass can be butchered into 
carrying-sized packages and transported back to the camp with several human porters; (2) the meat 
can be cut into strips at the kill site and dried so as to reduce its weight for transport back to the camp; 
or (3) the entire camp can be moved to the kill site. The method that is chosen depends on several 
factors  including (but not limited to) the size of the animal, the distance to camp, the number of 
human porters available, and the availability of water in conjunction with a previously planned group 
move if the third choice is decided upon.  
Once a course of action has been decided, the carcass must be field butchered. The aims of 
this initial butchery process are to divide the carcass into manageable carrying-sized packages, 
remove and discard undesirable parts such as the digestive system and the horns, and set aside choice 
parts such as the marrow from the cannon bones (metapodials), the liver, or a portion of the ribs to be 
roasted. The following list pertains to the butchery process and associated snacking behavior of a 
female wildebeest carcass weighing approximately 180 kg. Yellen claims the disarticulation and 
snacking process conforms to a “standard pattern” of !Kung Bushmen butchery. All items are set 
aside and saved unless otherwise noted. 
1. The carcass is drug to an appropriate working area. 
2. The left side of the animal is skinned and the udder removed. 
3. The cannon bones and hooves are removed. 
4. The cannon bones are placed directly on hot coals and roasted for five minutes, then set 
aside to cool. 
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5. The left forelimb is removed. 
6. The left hindlimb is removed. 
7. The sinew is stripped from the left side of the vertebral column and set aside to dry. 
8. The cannon bones, once cooled are broken to access the marrow which is then eaten. 
9. The five most distal left ribs are removed and placed directly on the fire to be roasted. 
10. The digestive system is removed. The first and second stomachs are discarded but the 
third and fourth stomachs are cleaned and turned inside out to collect the blood from the 
chest cavity. The intestines are also cleaned and saved. 
11. The liver is removed and roasted. 
12. The blood is collected from the chest cavity with the third and fourth stomachs. 
13. The head is removed. 
14. The remaining ribs on the left side are removed. 
15. The carcass is flipped over onto the right side. 
16-19. The rest of the animal is skinned, and the forelimb, hindlimb, and sinew are removed 
in the same manner as the left side. 
20. The five most distal right ribs are removed. 
21. The tenderloin (back muscles) is removed. 
22. The bladder is removed and discarded. 
23. The pelvis is removed. 
24. The sternum and proximal ribs are removed as one unit. 
25. The kidneys are removed. 
26. Work is stopped momentarily here so the hunter can eat the cooked liver and ribs. 
27. The vertebral column is prepared for transport by disarticulating the approximate upper 
ten vertebrae and then split lengthwise into two carrying-sized parcels. The remainder of 
the column is smashed both lengthwise and horizontally to make it pliable enough to fit 
onto a carrying pole. 
28. The horns are removed and discarded. 
 
The only carcass parts that are abandoned at the kill site are metapodials whose marrow was 
snacked on, the ribs that were snacked on, the horns and the first and second stomachs. Carcass 
packages are transported on the shoulders of human porters by balancing equally weighted items on 
either end of a carrying pole which measures approximately 1 m long and 5 cm thick. Porters 
typically carry a maximum weight of 25-30 kg. Carrying a load such as this requires numerous stops 
on the way back to camp with subsequent snacking along the way. If the distance back to camp is too 
great to transport all the carcass packages in one trip, then the task will be divided into two days and 
two roundtrips. In addition, the weight load will be reduced by converting fresh meat into “biltong” 
which is the process of drying the meat by cutting thin slices and hanging them to dry in a tree or 
expedient rack. 
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Food Preparation  
Once the carcass packages arrive at the village they are distributed among the members in 
various ways following a general rule that everyone receives something. The next task involves 
cooking and food preparation. It is important to note that !Kung Bushmen will always transport some 
marrow-bearing elements back to camp regardless of the distance and/or number of porters available 
as marrow is highly valued to balance their disproportionate diet of lean meat. 
Meat is either boiled or roasted; however, the boiling method, which is conducted in clay 
pots, is preferred because similar to the Nunamiut, it yields a gravy which can be enriched by adding 
marrow. The following list pertains to the treatment of carcass parts in the food preparation process 
and do not necessarily occur the order given. 
1. The viscera, udder and blood are generally cooked first and eaten immediately. 
2. Pieces of dried skin are roasted. 
3. All the edible parts of the skull are extracted and eaten. 
4. The hooves are roasted and then the meat is eaten directly off the bone. The first and 
second phalanges are split lengthwise for the marrow. 
5. The vertebral column is cut into fist-sized chunks and boiled. The meat is picked off the 
bone and eaten after it is cooked. 
6. The scapula, pelvis, and ribs are cut and/or smashed into pot-sized chunks and boiled. 
There is no attempt to remove the meat from the bone. Again the meat is picked directly 
off the bone and eaten after it has cooked. 
7. The meat from the long bones and tenderloin are made into biltong (if it is not already). 
Sometimes biltong is eaten by making a stew with marrow. 
8. The long bones are broken into fragments, the marrow extracted, and the fragments are 
added to a boiling pot of meat. Marrow may be added to enrich the broth. 
 
Some important conclusions can be made about !Kung Bushmen subsistence practices. Their 
general attitude about food is to enjoy it when it is available and to go hungry when it is not. 
Therefore, little emphasis is placed on the storage of food for later consumption. Also, bones are just 
as important in their diet as the meat because marrow provides them with their main source of fat 
from the lean desert animals. And finally, since most carcass elements are transported back to the 
village, the ensuing pattern of specific element treatment is a reflection of the way it was cooked or 
prepared not of a specific hunting technique. 
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Hadza 
 The Eastern Hadza, a group of traditional hunter-gatherers located in northern Tanzania 
practice a subsistence strategy of central-based foraging dominated primarily by hunting and 
scavenging. Observed butchery and consumption behaviors have been documented by several 
researchers, however the work of O’Connell et al. (1988), and Bunn et al. (1988) will be the focus 
here. During the dry season, intercept hunting employed at water sources is the most common method 
of procurement, whereas in the wet season, the procurement of meat is achieved by encounter hunting 
through active pursuit of game away from the village. The exploitation of medium to large game 
includes giraffe, water buffalo, zebra, eland, greater and lesser kudu, wildebeest, hartebeest, impala, 
warthog, lion, leopard, and hyena. Elephant are not hunted because the poisoned arrow capable of 
killing the aforementioned animals is apparently not strong enough to kill an elephant. However, 
elephant carcasses are periodically scavenged by the Hadza. The following section is organized based 
on the findings of Hadza butchery and consumption practices according to O’Connell et al. (1988), 
and Bunn et al. (1988) respectively. 
O’Connell et al. (1988) 
According to O’Connell et al. (1988), carcasses of the same size class are essentially treated 
the same in terms of carcass disarticulation, transport and consumption. Decisions regarding what to 
transport and what to abandon are based on the same factors that the Nunamiut and the !Kung 
Bushmen are faced with, in general that being the size and freshness of the animal, the number of 
porters, the time of day, and the distance from camp. If all or most of the carcass is to be transported, 
the butchery process follows this general guideline.   
1. The carcass is skinned completely or partially. 
2. The rear limbs are removed as complete units. 
3. The front limbs, including the scapula are removed as complete units. 
4. The skull is removed. 
5. The tenderloin is removed from the backbone. 
6.  If the tenderloin strip does not include the neck meat, it will be removed separately. 
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7. Several cuts are made exposing the ribs, the tongue and the esophagus. The tongue and 
esophagus are removed as a single unit. 
8. The internal organs and intestines are removed. The intestines are cleaned and rolled into 
a small package for transport. 
9. The ribs are separated into sets of three to six and detached from the vertebrae by 
snapping them loose at the proximal end. 
10. The vertebral column is chopped into a number of segments which is based upon the size 
of the animal. 
 
Invariably during the butchery procedure the hunters will partake in snacking behavior. Small 
pieces of meat adhering to bone are often picked or sliced off and eaten raw or roasted right on the 
bone. Some (but not all) of the marrow-bearing elements are almost always cracked and the contents 
consumed. The edible parts of the skull are usually consumed. The fatty, gelatinous tissue 
surrounding the phalanges is dug out of the hooves and eaten. After the field butchery and associated 
snacking have been completed, the prepared carcass packages will be transported back to the village. 
These packages may include large articulated sets such as the forelimb and the hindlimb package, 
complete heads, sections of the vertebral column, and the pelvis. Loose bits of meat are bundled in 
cloth or tied to carrying poles in a manner similar to the !Kung Bushmen (Figure 2.2). When 
decisions must be made pertaining to which packages to transport, the O’Connell team’s findings 
indicate that the vertebral and forelimb packages will more likely be transported back to the base 
camp than other packages (Figure 2.3). 
Figure 2.3. Hadza man transporting an axial 
section. From Kaare and Woodburn 
(1999:Figure 45).  
Figure 2.2. Hadza transport of deboned flesh using a 
carrying pole (from Lupo 2006:Figure 2). 
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Bunn et al. (1988) 
 Henry Bunn, Lawrence Bartram, and Ellen Kroll conducted ethnoarchaeological research 
with the Eastern Hadza from October to December, spanning the dry season in 1986. In their 77-day 
field season they documented the butchery and consumption behaviors of Hadza hunters upon 29 
carcasses, 24 being hunted and 5 being scavenged. The animals include 7 giraffe, 2 buffalo, 1 greater 
kudu, 5 zebra, 1 wildebeest, 1 hartebeest, 1 lion, 3 warthogs, 6 impala, 1 hyena, and 1 baboon.  
When a carcass is encountered all of the previously mentioned decision pertaining to 
butchery, consumption and transport take effect. One important decision that O’Connell’s team did 
not mention was the decision a hunter made after he successfully shot an animal. At that point he 
could choose to pursue the animal by himself or he could return to the village and enlist help to 
procure the animal which was frequently done because the poison often took an extended period of 
time to kill an animal. As with O’Connell et al. (1988), Bunn’s team observed that the butchery units 
of similar-sized animals was often comparable. In animals that were buffalo-sized or smaller, 
anatomical packages are generally sectioned as follows but not necessarily in this order. 
1. Forelimbs 
2. Hindlimbs 
3. Left and right halves of the rib cage sometimes still attached to the thoracic vertebra 
4. The head 
5. A unit consisting of the lumbar vertebra, pelvis, sacrum and caudals 
 
Using this general guide, a Hadza hunter will create approximately 6 packages to be transported. In 
one case a buffalo was butchered into a right hindlimb unit, a right rib cage unit, a forelimb unit 
minus the scapula, and a complete left leg unit which was transported approximately 5 km with the 
help of 24 Hadza men. The basic goal is to transport as much of each carcass as possible, but this is 
not always possible. The buffalo case is therefore important because it points out the seemingly 
logical distinction, that as animal size and/or transportation distance increases, more of the carcass 
will be abandoned. 
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 Bunn et al. (1988) disagree with O’Connell et al. (1988) in regards to the preferential 
transportation of axial elements over appendicular elements. They state that an archaeological pattern 
which suggests “Hadza-like transport” does not reflect the reality of carcass part preference because 
the Hadza will often deflesh certain appendicular elements at the kill site or subsequent snacking site 
in order to reduce the weight for transport. Unlike the !Kung Bushmen who always transport bones 
back to camp, certain elements of large prey items of the Hadza are simply too heavy and decisions 
are constantly made as to what to keep and what to discard. Moreover, when O’Connell’s team came 
to the axial preference conclusion it was likely because when axial parts are taken from a kill site they 
will generally reach the base camp and therefore become an instrumental reflection upon the 
archaeological record. This behavior is probably due to the method employed for cooking vertebra 
which is to boil the whole unit and pick off the cooked meat, an unlikely method used in the field 
when transporting resources back to camp. 
 
OBSERVATIONS 
The ethnohistorical documentation pertaining to the exploitation of bison, elk and deer 
displays a wide range of variability but a general pattern can be gleaned from the literature. Most 
Native American groups of the Great Plains and Midwestern Prairie relied heavily upon the annual 
bison hunt in the summer and/or early fall. Groups of the Upper Mississippi and Upper Missouri 
River valleys organized their subsistence strategy around semi-sedentary, agricultural, residential 
bases that seasonally traveled to the western Plains or even locally to participate in bison hunting 
events. Bison carcasses were often defleshed and the meat dried for later consumption as a 
supplementary resource to agricultural foods. Elk, on the other hand, seem to have not been a favored 
subsistence resource and were only taken opportunistically. Furthermore, the literature points out that 
elk were more favored for their hide than for their meat. As it applies to this research using the 
predictions of CPF, one should expect to see a lack of bison elements represented at residential sites 
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because they were reportedly abandoned at the kill sites and a lack of elk elements because these 
animals were infrequently killed. Therefore, the PAP model is not especially useful to this research 
because element processing intensity cannot be measured and interpretations of resource stability 
versus resource stress cannot be established if elements were not being brought back to the village.  
Deer were an importance subsistence resource that was hunted year-round, but especially in 
winter to supplement declining supplies of stored bison meat and agricultural resources procured 
during summer. Deer were reportedly more available than bison or elk; therefore, it is likely that 
carcasses were transported relatively complete because of increased encounter rates. Although the 
literature does not provide information pertaining to element processing intensification, carcass 
representation for deer would have likely been abundant at residential sites because of their ease of 
transport and increased availability. Therefore, the archaeological representation of deer in 
Midwestern sites should potentially provide an excellent source of data to apply the PAP model in 
order to measure the relative process intensification of skeletal elements. Moreover, this processing 
intensity can be used to bolster inferences concerning times of resource stability versus times of 
resource stress.  
Ethnoarchaeological research of the Nunamiut, the !Kung Bushmen, and the Hadza 
concerning the variability observed in butchery and consumption practices offers an essential guide to 
help explain or question patterns in the archaeological record. The variability is seemingly too large 
to glean anything definite that can be applied to problems concerning faunal remains. For the most 
part, that is the point. Nothing definite can ever be said about prehistoric behaviors but 
ethnoarchaeological research is necessary to establish general parameters. For instance, all of the 
modern hunter-gatherer groups discussed above field process a carcass into transportable packages 
which may or may not contain skeletal elements within them. This general pattern alone is critical to 
the construction of a middle range interpretation that is applicable to the Howard Goodhue faunal 
assemblage. The Nunamiut generally transport carcasses complete (with the aid of snowmobiles and 
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sled dogs) but the !Kung and the Hadza encountered prey on foot and generally far enough away from 
the village to  influence decisions of carcass part selection for transport. Using CPF, how does the 
skeletal element representation of the Howard Goodhue site compare or reflect these ethnographic 
examples of field processing and carcass transport?  
These examples of ethnoarchaeology also provide information that is useful to the application 
of the PAP model. For instance, all 3 groups seem to prefer the cooking method of boiling bone with 
meat to enrich the broth. Archaeologically then, we should expect to see a higher incidence of 
remains fragmented to fit into a pot. Also, marrow is often consumed in the field but the !Kung will 
always bring back some marrow-bearing elements to the village. From this observation, in order to 
apply the PAP model to evaluate the trajectory of marrow extraction and subsequent interpretation of 
resource stability vs. resource stress, it is beneficial to be able to account for complete carcass 
transport in order to test the predictions posed by model. In other words, the predictions of the PAP 
model are robust if it can be applied to whole carcass processing. By using ethnohistorical 
observations and ethnoarchaeological research as a guide to help interpret archaeological data, more 
substantial conclusions can be made regarding prehistoric hunter-gather subsistence behaviors. 
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CHAPTER 3 
METHODS 
 
Analysis of bison, elk, and deer remains from the Howard Goodhue site was conducted using 
contemporary zooarchaeological methods. The foremost goal of this research is to elucidate the site 
specific utilization of these prey species using current methods of documentation and quantification. 
However, before human behavior can be addressed as the agent responsible for the condition of the 
remains, the non-cultural taphonomic history must first be identified. This taphonomic approach is 
essential to the analysis of faunal remains because it highlights the multitude of influences that bones 
are subjected to once they arrive at a village. In the past several decades, zooarchaeologists have 
clearly demonstrated the necessity of a taphonomic approach in order to limit the number of 
confounding variables that may bias subsequent interpretations regarding cultural behavior. Once the 
taphonomic pathways of the Howard Goodhue assemblage are more clearly understood, the findings 
can be interpreted through the predictions and expectations of the CPF and PAP models. Ultimately 
the exploitation of bison, elk, and deer at the Howard Goodhue site will provide a contribution to the 
growing foundation of Moingona faunal subsistence.  
Specifically, this chapter will describe the methodology developed for the analysis of the 
Howard Goodhue faunal assemblage aimed at extracting the information necessary for interpretations 
of carcass transport and processing. The first methodological objective is to outline the basic 
documentation employed for this research including the skeletal element identification protocols and 
the system of quantification with its associated terminology. The second methodological objective is 
to describe the attributes selected to reconstruct the taphonomic history of the remains including the 
cultural and non-cultural surficial modifications. In addition, analytical techniques concerning the 
fragmentation, possible differential bone destruction and the estimated economic utility of the skeletal 
remains will be outlined to facilitate additional interpretations of the taphonomic history.  
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BASIC DOCUMENTATION 
The faunal collection was preliminarily sorted into Body Class Size 3 (deer) and Size 4 (bison 
and elk; following Bunn et al. 1988) prior to the author’s arrival at Iowa State University due to the 
efforts of Dr. Matthew G. Hill and Iowa State Archaeological Laboratory personnel. The first task 
was to sort each Body Class Size without the aid of a comparative specimen into categories including 
a specific skeletal element, vertebra, indeterminate flat bone, indeterminate cancellous bone, and 
indeterminate long bone shaft fragments.  
Next, each specimen was examined to refine the preliminary sort to further increase the 
identification of the assemblage. Because fragmentary bison and elk remains are often difficult to 
distinguish morphologically, the classification of these remains was combined during the 
identification process. Only those elements that could be confidently identified as either bison or elk 
were coded accordingly; all other specimens were identified as Class 4 and will be reported as such 
unless otherwise stated.  
The element classification system outlined by Todd (1983, 1987), and recently updated by 
Meltzer (2006), was used to code the element, portion of the element, segment and side of the 
element. Because an element in an archaeological assemblage can be complete or fragmented, the 
portion of the element is needed to describe a specimen’s anatomical location such as the proximal or 
distal section of a particular long bone shaft.  Further refining the identification of a specimen, 
especially since skeletal elements are three dimensional objects, the segment of a portion describes 
the anatomical surface of its location such as cranial, caudal, medial, or lateral. Lastly, if a specimen 
retains distinguishing characteristics it can be sided as a left or right.  
The outlined classification system above provides a logical means to organize a large dataset 
and additionally streamlines the process of quantification. In addition to the identification of each 
bone fragment, any surficial modifications derived from both human and non-human agents were 
recorded using methods outlined by Bunn (1989) and Lyman (1994). Both of these agents utilize 
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bone with a range of variability that can be captured and described under the rubric of nutritive vs. 
non-nutritive objectives (Marean et al. 2000). The nutritive phase refers to the period in which a bone 
still contains resource utility in terms of meat, marrow and/or grease. As such, both human and non-
human agents will modify bones to extract these resources. On the other hand, the non-nutritive phase 
refers to the period in which a bone has been depleted of its nutritional value. The cultural and non-
cultural bone modification attributes chosen for this analysis are described in detail below. Appendix 
A lists the element abbreviation codes that will be used periodically throughout the remainder of this 
thesis.   
 
QUANTIFICATION 
A quantification summary was produced using zooarchaeological methods employed and 
refined by several researchers including the number of identified specimens, the minimum number of 
elements, the minimum number of individuals, and the minimum number of animal units. Each of 
these terms is defined below. In this research context skeletal elements refer to “anatomical units that 
may be represented by fragments or whole bones and are represented, partially or completely, 
respectively, by specimens” (Lyman 1994:100-101).  
Number of Identified Specimens 
The number of identified specimens (NISP) is the most basic (observational) quantification 
unit and it will be used to refer to a single specimen that has been identified to a taxon-specific 
skeletal element (Klein and Cruz-Uribe 1984). For this research, NISP will be used to quantify bone 
modification attributes because the faunal assemblage is highly fragmented such that many specimens 
are unidentifiable although many surficial modifications are still preserved and must be accounted 
for.  
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Minimum Number of Elements 
The minimum number of elements (MNE) is a derived analytical unit that measures the 
frequency of skeletal element portions of individual taxa (Binford 1978). An MNE is calculated for 
each element, per side, per Body Class Size. To accomplish this, identified specimens of a particular 
element are sorted into lefts and rights then manually checked to see if any of the fragments overlap. 
If for instance, an assemblage contains 3 identified left femur fragments and fragment 1 overlaps with 
fragment 2, but fragment 3 does not overlap with either of the other two. Therefore, the MNE for left 
femora would be 2 because the non-overlapping fragment could potentially be from one of the 
overlapping fragments. Marean et al. (2001) refers to this method as the “manual overlap approach”, 
advocated by Bunn and Kroll (1986). This approach corresponds to Hill’s (2001) distinction of 
“comprehensive MNE”. Hill (2001) also defines “landmark MNE” which relies upon unique 
landmarks that occur within defined regions of skeletal elements to quantify MNEs. Landmark MNEs 
are not comprehensive because some instances of fragment overlap may occur in places where 
landmarks are in close proximity to each other. For this research, all MNE quantifications except two 
specific applications were calculated through the manual overlap or comprehensive approach. The 
two exceptions which rely upon landmark MNEs include a method to calculate the level of 
fragmentation in the assemblage (i.e., percent completeness) and a statistical correlation aimed at 
measuring the likelihood of density-mediated attrition that the remains have been subjected to (i.e., 
Spearman’s rho) both following methods outlined by Morlan (1994).  
In addition, previous research has demonstrated that shaft fragments should be incorporated 
into MNE definitions (Marean 1998; Marean and Assefa 1999; Marean and Bertino 1994; Marean 
and Frey 1997; Marean and Kim 1998; Marean et al. 2004). Shaft fragments have an increased 
potential of surviving various taphonomic agents because they are relatively dense compared to other 
skeletal portions such as cancellous bone, therefore to exclude them from MNE quantification is to 
severely bias the true representation of element frequency.  
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Furthermore, to increase the identifiability of the assemblage and effectively increase the 
MNE counts of the long bone elements, the unidentifiable shaft fragments were attempted to be refit 
or conjoined with other fragments to increase the potential for overlap with other specimens. Villa 
and Mahieu (1991) refer to this method as mechanical refitting. White (1992) outlines a maximal, 
systematic conjoining procedure, replicated by Otarola-Castillo (2006), both reporting a significant 
improvement of element identifiability which ultimately increased MNE quantification. White’s 
method entails a tedious commitment to physically touch each broken edge of each fragment with all 
other fragment edges within an element category. For this research, a modified approach for refitting 
was employed by using White’s method for the long bone elements only. Unidentifiable shaft 
fragments were unsystematically checked with identified fragments through a combination of 
physical and visual inspection of broken edges in an attempt to promote the unidentifiable pieces and 
potentially improve MNE counts. Approximately 25% of the long bone shaft fragments were selected 
based on overall fragment size and relative condition of the broken edges. Most of the selected pieces 
were greater than 5 cm and consisted of non-jagged, relatively smooth-edged surfaces to facilitate 
refitting. 
Minimum Number of Individuals 
The minimum number of individuals (MNI) is an MNE-derived analytical unit that is 
measured by the highest MNE per element. This definition is derived from White’s (e.g., 1953) 
original technique of separating skeletal elements into left and right components then calculating the 
minimum number of animals by the most abundant, sided element. If for instance, an assemblage 
contains 5 left femora and 9 right femora, the MNI for femora would be 9 because that is the 
minimum number of individuals that can be accounted for by the femur. When the entire skeletal 
abundance per taxon is of interest (i.e., how many deer are represented at a site), MNI is reported as 
the maximum MNE of all the elements.  
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Minimum Number of Animal Units 
The minimum number of animal units (MAU) is another MNE-derived quantitative measure 
that is calculated by dividing the total MNE for each element (lefts plus rights) by the number of 
times that element occurs in the species (Binford 1984). Thus if the total MNE for tibiae is 7 then the 
MAU would be 3.5, (7 divided by 2). The purpose of such an analytical unit is to display the skeletal 
abundance of an assemblage as a proportion of what is represented. MAU can further be reported as 
%MAU by standardizing (a.k.a. normalizing) the skeletal element abundance on a scale of 0 to 100. 
This is accomplished by setting the highest MAU at 100 and scaling all other values accordingly.  
 
BONE MODIFICATION 
Non-Cultural Modifications 
Modifications including weathering, root etching, carnivore and rodent gnawing are examples 
of non-cultural surficial modification. Weathering and root etching are important aspects to consider 
when reconstructing the taphonomic history of an assemblage. However, the preliminary sort was 
useful in eliminating the possibility of collecting these attributes because the Howard Goodhue bison, 
elk, and deer assemblage displays a general lack of root etching and weathering. Therefore, these 
taphonomic variables were not recorded.  
Carnivore and Rodent Modification 
Carnivore and rodent-induced surficial modifications, on the other hand, were quite prevalent 
in the assemblage and were documented to deduce their taphonomic effects. These attributes were 
identified following descriptions and illustrations outlined in Binford (1981), Bunn (1981), Potts and 
Shipman (1981), and Shipman and Rose (1983). Evidence of carnivore modification is based on the 
presence of tooth marks (V-shaped furrows), or pitting (small circular depressions) resulting from 
carnivore gnawing, whereas rodent modification was recorded based on the presence of small, U-
shaped, parallel furrows.   
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Several researchers have determined through observation and experimentation that carnivore 
modification is one of the primary taphonomic factors that can influence a faunal assemblage (e.g., 
Blumenschine 1988; Brain 1969, 1981; Haynes 1980, 1982, 1983b; Hudson 1993; Kent 1993; Lupo 
1995; Marean 1991; Marean et al. 1992; Marean and Assefa 1999; Marean and Bertino 1994; Marean 
and Kim 1998; Marean and Spencer 1991). Carnivores such as dogs, wolves, hyenas, and lions will 
chew on bones to extract nutritional resources and therefore are capable of deleting certain elements 
or at the very least, altering the skeletal element abundance of an assemblage.  
One measure that will be used in this research to ascertain the impact of carnivores upon an 
assemblage is the end to shaft ratio developed by Blumenschine and Marean (1993). However, their 
method does not account for relative intra-element 
fragmentation because one shaft fragment might be 
twice as large as another shaft fragment but each will 
only account for a single NISP in the ratio of ends to 
shafts. This will potentially inflate the number of ends 
represented because identified shaft fragments often 
include multiple “zones.” Marean and colleagues (e.g., 
Marean and Spencer 1991) defined anatomical zones 
including the proximal epiphysis, proximal shaft, mid 
shaft, distal shaft, and distal epiphysis which are useful 
for partitioning aspects of quantification that potentially 
may be influenced by processes of differential 
destruction (Figure 3.1). To account for intra-element 
fragmentation, the long bone ends and shaft fragments 
will be quantified per anatomical zone. Epiphysis zones 
Figure 3.1. Cranial view of a humerus with 
anatomical zones and fragment examples. 
Note how the larger fragment includes three 
shaft zones while the smaller fragment only 
includes one (from Hill 2001:Figure 3.17).  
Proximal End
Proximal Shaft
Mid Shaft
Distal Shaft
Distal End
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(Zend) will include the proximal epiphysis and distal epiphysis and shaft zones (Zshaft) will include the 
proximal shaft, mid shaft, and distal shaft. These results are more informative than simple NISP 
counts because all fragments are standardized to a defined, relatively equal spaced region of particular 
long bones. Although shaft counts are partially inflated using this modified method, it is justified 
because epiphysis fragments can only be assigned to two zones, whereas shaft fragments can 
comprise up to three zones. 
In regards to rodent modification, which contrary to carnivores, do not chew on bone for 
nutritional extraction but instead will act upon the non-nutritive phase of bone in order to wear down 
their continuously growing incisors (Brain 1981). This information is useful in estimating the amount 
of time that remains were exposed on the surface prior to burial because apparently rodents prefer to 
gnaw on dry, slightly weathered bone that is less slippery from grease (Lyman 1994:195). All non-
human surficial modifications were recorded as either present or absent per specimen. 
Cultural Modifications 
Once the non-cultural taphonomic filters have been identified, then questions pertaining to 
the cultural surficial modifications will be addressed. Modifications such as trampling and sediment 
compaction, considered to be human modifications in the context of a residential village, are not 
addressed in great detail here but are still important to consider in the assessment of their probable 
influence upon the condition of the remains. Attributes that provide clear visual evidence such as 
green-bone breakage and percussion marks (impact fractures, flakes, notching, and cones), burning, 
and cutmarks were documented to gather an adequate range of cultural processes subjected upon the 
remains during the nutritive phase.  
Breakage  
For this research only green-bone breakage (a.k.a. spiral breakage) will be recorded. To be 
considered a spiral break, elements had to exhibit smooth, longitudinal breaks that generally occur at 
acute angles to the long axis of the element. Shipman (1981) classifies this type of break as a Type II 
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which results from the breakage of fresh, “green” bone. In this thesis, the terms green-bone breakage 
and spiral breakage will be used synonymously. Dry and recent bone breakage was not recorded 
because, although these distinctions are important for taphonomic reconstructions, the general 
occurrence within the Howard Goodhue large game assemblage was slight; therefore collection of 
this data was determined to be unnecessary.  
Large carnivores such as lions, hyenas, and wolves have been documented with the ability to 
create spiral breakage through a “crack-and-twist” method in order to extract marrow (Binford 1981; 
Haynes 1983a; Marean and Bertino 1994). However, dogs have not been documented with this ability 
probably due to the fact that they lack the power and musculature of the jaw to crush the diaphysis of 
a long bone. Evidence pertaining to the possibility of dogs causing spiral breakage in the Howard 
Goodhue assemblage is explored in Chapter 5.  
Human-caused breakage and percussion (derived from hammerstone impact) are essential 
variables that illustrate the extent to which an assemblage has been utilized and fragmented which in 
turn, can be correlated with process intensity. Several researchers, stemming from Leechman’s (1951) 
description of long bone grease rendering of caribou and moose by native Canadians, have 
commented on the behavioral implications of fragmentation within faunal assemblages (e.g., Binford 
1978, 1981; Blumenschine and Selvaggio 1988; Church and Lyman 2003; Outram 2001; Marshall 
1990; Todd and Rapson 1988; Vehik 1977). Specifically, utilization of within-bone nutrients should 
be positively correlated with human intensification of carcass exploitation (Marshall and Pilgram 
1991). Often skeletal elements are broken into “pot sized” portions to allegedly facilitate the grease 
rendering process (e.g., Binford 1978; Bunn et al. 1988; O’Connell et al. 1988; Oliver 1993; Yellen 
1977). This behavior is assessed in the level of fragmentation of the Howard Goodhue remains, 
measured through the abundance of green-bone breakage and percussion derived modification. 
Percussion marks including impact fractures, impact flakes, impact cones, impact notching, and 
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crushing were documented (presence/absence) using Pickering and Egeland (2006) as a visual guide 
for identification.  
Burning 
Burning was recorded using the ordinal color scheme established by Stiner et al. (1995) to 
document the differential temperature gradient represented in the remains. An unburned specimen is 
cream or tan colored, slightly carbonized is blackened on less than half of its surface, lightly 
carbonized is blackened on more than half of its surface, fully carbonized is completely black, slightly 
calcined is more carbonized (black) than calcined (white), lightly calcined is more calcined (white) 
than carbonized (black), and fully calcined is completely white. The spatial distribution of burning 
may provide clues as to particular burning episodes (i.e., cleanup, cooking) within the residential 
camp which is important to bolster inferences of single vs. multiple occupations of the Howard 
Goodhue site.  
Cutmarks 
 The location of cutmarks on faunal specimens offers additional insight into prehistoric 
butchery (e.g., Binford 1981; Frison 1970; Frison et al. 1976; Guilday et al. 1962, Lyman 1992). 
Cutmarks serve as a measure of process intensity since “the number of cut marks, exclusive of 
dismemberment marks, is a function of differential investment in meat or tissue removal” Binford 
(1988:127). As such, for each specimen, the number of individual striae (not clusters like Lyman 
(1994) advocates) assumed to represent a single arm stroke was tallied using the NISP fragment-
count method employed by Abe et al. (2002) and Bunn and Kroll (1986). Specifically, a cutmark was 
counted regardless of its proximity to other parallel or overlapping cutmarks. Although somewhat 
subjective and at times difficult to employ, this method was determined to be an appropriate measure 
of process intensity to evaluate Binford’s (1988) aforementioned claim.  
 An additional method to evaluate variability in process intensity of skeletal element 
anatomical location was adopted from Rapson (1990) and Rapson and Todd (1999). To employ this 
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method, a maximum length and maximum width was recorded for each specimen and multiplied to 
determine an approximate surface area. Cutmarks per unit area is expressed as the total cutmarks per 
specimen multiplied by 1,000 divided by the surface area. This method is useful because by 
presenting the data in terms of unit area (1,000 mm2 of bone surface area) it essentially standardizes 
the number of cutmarks expressed per anatomical location (articular end vs. shaft) allowing for 
inferences concerning cutmark intensity.  
 
FRAGMENTATION 
 The Howard Goodhue faunal assemblage is highly fragmented and therefore limits the 
identifiability of the skeletal elements. In turn, this will significantly impact the interpretation of 
transportation and processing behaviors that is based on the skeletal element representation at the site. 
Therefore, several methods were employed to glean as much information as possible to bolster 
interpretations.  
Percent Complete 
The first method makes use of landmark MNEs and determines element “completeness” by 
comparing the number of landmarks represented vs. the potential number of landmarks (Morlan 
1994). Percent completeness is expressed as portions preserved (PP) per specimen (PP/SP) divided by 
portions defined (PD). This method will be used to express the overall fragmentation of skeletal 
elements and additionally for the long bones, the completeness of each anatomical zone (i.e., 
proximal end, proximal shaft, mid shaft, distal shaft, and distal end).  
NISP:MNE 
A second method to search for patterns and cross-check the intensity of fragmentation is 
NISP:MNE (Wolverton 2002). High NISP:MNE values are generally equated to increased process 
intensity, whereas low NISP:MNE values equate to reduced process intensity. Although this measure 
is similar to the aforementioned percent complete method, comprehensive MNEs are used instead of 
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landmark MNEs. Theoretically, because comprehensive MNEs are used, the resulting measure of 
fragmentation should be more robust than the percent complete method. However, as Marshall and 
Pilgram (1991) have demonstrated, as fragmentation increases, specimens are rendered unidentifiable 
thus reducing the NISP while MNEs potentially remain unchanged. The NISP:MNE ratios will be 
compared with percent completeness to evaluate which measure provides the most information for the 
subsequent interpretation as to why the assemblage is so fragmented.  
Fragment Size 
The third measure of fragmentation, based on methods outlined by Lyman and O’Brien 
(1987) requires the maximum length measurement of long bone specimens in order to calculate a 
cumulative percentage of fragment size classes (increments of 5 mm). Then in order to evaluate if 
there are any differences in fragmentation (interpreted as differential process intensity) between long 
bones and their associated size classes, the Kolmogorov-Smirnov (K-S) two-sample test will be 
employed. The K-S test produces a D-statistic that measures the maximum difference between two 
cumulative distribution frequencies, in this case, the maximum lengths of fragments of two long bone 
elements.  
 
DENSITY-MEDIATED ATTRITION 
Density-mediated attrition is a significant taphonomic process in many faunal assemblages 
(e.g., Bartram and Marean 1999; Blumenschine 1986, 1988; Enloe 2004; Grayson 1989; Lyman 
1984, 1985, 1992, 1994; Marean 1991; Marean et al. 1992). Only after this factor is analyzed in 
conjunction with evidence of carnivore modification can questions of butchery and transport be 
approached. Cancellous bone, which occurs in the articular ends of long bones and non-marrow 
bearing elements is softer and more porous than cortical bone and therefore these portions (e.g., 
proximal end of a humerus) are more susceptible to destruction than, for instance, a long bone shaft 
fragment. Extensive research (referenced above) has shown that differential destruction mediated by 
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density has the ability to severely skew the true representation of skeletal element abundance of an 
assemblage and therein alter the perception of behavioral implications. 
Following Morlan (1994), density mediated attrition will be assessed using a statistical 
correlation (Spearman’s rank-order, rs) between volume density measurements calculated for deer 
(Lyman 1994) and bison (Kreutzer 1992) and calculated %MAU values of the Howard Goodhue site. 
The Spearman’s coefficient provides a means to evaluate the statistical likelihood that processes of 
differential destruction played a role in the skeletal element abundance of the faunal assemblage. 
Percent MAU values must be calculated slightly different here because MNE values based on skeletal 
portions (i.e., scan sites) cannot be calculated using comprehensive MNE quantification methods. 
Instead, MNEs are calculated based on scan site locations that correspond with landmark locations for 
all non-long bone elements and the previously mentioned anatomical zones for long bone elements 
(Figure 3.1). Furthermore, following Morlan (1994:804) when a scan site corresponds to two or more 
skeletal portions, the highest %MAU will be used in correlation with its associated volume density. If 
two or more scan sites are represented by the same %MAU, then the one with the lowest volume 
density is used. Spearman’s rho is calculated for all elements having enough scan sites to allow for 
statistical correlation. Then all elements are used in the assemblage level calculation which uses 
%MAU values and associated scan sites. 
 
SKELETAL ELEMENT ECONOMIC UTILITY 
After a quantification summary is calculated, and the taphonomic history has been assessed 
for the bison, elk, and deer remains, the data will be evaluated in conjunction with utility indices to 
produce inferences regarding carcass transport and butchery decisions. Binford’s (1978) original 
construction of caribou and sheep skeletal element economic utility indices has prompted several 
researchers to calculate additional indices from a variety of animals (e.g., Blumenschine and Caro 
1986; Diab 1998; Lyman et al. 1992; Outran and Rowley-Conwy 1998; Savelle and Friesen 1996). 
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For this research, Emerson’s (1990) bison data will be used for the bison/elk assemblage and 
Madrigal and Holt’s (2002) white-tailed deer data will be used for the deer assemblage.  
Using an archaeological “monitoring perspective”, one would expect to see, for example, a 
relative abundance of high and medium utility elements compared to low utility elements at a 
residential site (bulk utility curve; Thomas and Mayer 1983:368). The opposite would be expected at 
a kill/butchery site because theoretically all of the high and medium utility elements have been 
selected for transport (reverse utility curve). However, researchers have discovered a host of problems 
directly correlating calculated utility curves and assumed behavioral implications of butchery and 
transport decisions, especially when analyzing palimpsest accumulations (e.g., Binford 1980, 1982; 
Bartram 1993; Rossignol and Wandsnider 1992). Therefore as stated earlier, it will be of utmost 
importance to clearly identify the non-cultural taphonomic history of the remains before claims of 
behavioral decisions of butchery and transport are considered. 
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CHAPTER 4 
RESULTS 
 
GENERAL CHARACTERISTICS OF THE ASSEMBLAGE 
In general, the assemblage is well preserved according to the overall lack of weathering 
observed upon the cortical surface of bone specimens. In addition, the assemblage is highly 
fragmented with abundant dual-patterned evidence derived from human and non-human processes. 
The assemblage contains a total of 9,881 specimens (NISP), of which 4,153 are identified as Class 3, 
and 630 are identified as Class 4 (83 bison, 16 elk, and 531 indeterminate large ungulate). A few 
juvenile specimens were identified including 8 deer specimens and 2 bison specimens. From the 
identified deer remains a minimum of 23 individuals were identified. As for the Class 4 assemblage, 2 
bison and 2 elk were identified with one additional large ungulate that could not be confidently 
identified as either. The figures here (Table 4.2) differ substantially from those reported by Gradwohl 
(1973; Table 4.1), where only 579 deer fragments, 54 bison fragments, and 52 elk fragments were 
identified.    
Many specimens within the Class 3 assemblage could not be securely identified as adult-sized 
deer because cortical wall thickness or overall size was either thinner/smaller than expected (therefore 
coded as Class 2/3; NISP 
= 1,359) or thicker / larger 
than expected (therefore 
coded as Class 3/4; NISP 
= 927). The remaining 
2,810 unidentifiable 
specimens were classified 
generally 
Table 4.1. Skeletal part tally of bison, elk, and deer (after Gradwohl 1973: 
Figure 10). 
DEER BISON ELK 
Skeletal Part n Skeletal Part n Skeletal Part n 
Antler 13 Teeth 7 Tooth 1 
Skull 3 Rib 1 Scapula 2 
Tooth 161 Scapula 13 Ulna 1 
Vertebra 16 Humerus 2 Calcaneus 4 
Scapula 10 Femur 1 Metapodial 3 
Innominate 3 Metapodial 2 Phalanx 39 
Metapodial 70 Calcaneus 1 Other 2 
Calcaneus 22 Astragalus 1 - - 
Astragalus 36 Phalanx 22 - - 
Phalanx 258 Other 4 - - 
Total 579   54   52 
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Table 4.2 Detailed quantification summary1. 
 
Class 
2/3 
Class 
3/4 Deer Class 42 Bison Elk 
ELE NISP NISP NISP MNE MNI MAU %MAU NISP MNE MNI MAU %MAU NISP MNE MNI NISP MNE MNI
ANT - 2 - - - - - - - - - - - - - - - -
CRN 2 30 204 14 8 7.0 31.1 15 1 1 1.0 24.2 - - - - - -
MR 1 - 1183 21 10 10.5 46.7 12 2 1 1.0 24.2 2 - - - - -
MUN - - 7 - - - - 1 - - - - - - - - - -
PUN - - 1 - - - - 1 - - - - - - - - - -
TFR - 5 18 - - - - 9 - - - - - - - - - -
HY - - 1 1 1 0.5 2.2 2 2 1 1.0 24.2 1 1 1 - - -
AT - - 11 4 4 4.0 17.8 2 2 2 2.0 48.4 1 1 1 - - -
AX - - 16 8 8 8.0 35.6 1 1 1 1.0 24.2 - - - - - -
CE - 2 132 26 6 5.2 23.1 27 5 1 1.0 24.2 1 1 1 - - -
TH - 1 91 14 2 1.1 4.8 27 6 1 0.4 10.4 1 1 1 - - -
LM - 3 96 16 3 2.7 11.9 36 6 2 1.2 29.1 - - - - - -
VT 2 69 278 - - - - 27 - - - - - - - - - -
SA - - 5 1 1 0.3 1.5 1 1 1 0.2 4.8 - - - - - -
CA - - 4 1 1 0.1 0.3 1 1 1 0.2 4.8 - - - - - -
RB - - 1793 22 8 0.9 3.8 23 7 1 0.3 6.5 3 2 1 - - -
SN - - 2 1 1 0.1 0.6 1 1 - 0.2 4.0 - - - - - -
SC - - 94 18 8 9.0 40.0 75 11 3 5.5 133.25 15 4 35 - - -
HM - - 80 17 7 8.5 37.8 163 7 2 3.5 84.8 2 2 1 - - -
RD - - 793 16 11 8.0 35.6 153 6 3 3.0 72.6 4 2 1 2 1 1
UL - - 17 11 8 5.5 24.4 11 6 4 3.0 72.6 3 1 1 - - -
CPI - - 4 4 2 2.0 8.9 - - - - - - - - - - -
CPR - - 9 9 5 4.5 20.0 3 3 3 1.5 36.3 - - - - - -
CPU - - 14 14 8 7.0 31.1 3 3 2 1.5 36.3 2 2 1 - - -
CPS - - 13 13 7 6.5 28.9 1 1 1 0.5 12.1 - - - - - -
CPA - - 1 1 1 0.5 2.2 2 2 1 0.5 12.1 2 2 1 - - -
CPF - - 4 4 3 2.0 8.9 1 1 1 0.5 12.1 - - - - - -
MC - - 46 17 7 8.5 37.8 5 4 2 2.0 48.4 1 1 1 2 1 1
MCF - - 2 2 1 1.0 4.4 - - - - - - - - - - -
IM - 1 46 10 6 5.0 22.2 15 2 1 1.0 24.2 2 1 1 - - -
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Table 4.2 Continued. 
 
Class 
2/3 
Class 
3/4 Deer Class 42 Bison Elk 
ELE NISP NISP NISP MNE MNI MAU %MAU NISP MNE MNI MAU %MAU NISP MNE MNI NISP MNE MNI
FM - - 101 24 6 12.0 53.3 12 5 1 2.5 60.5 2 1 1 - - -
TA - - 1433 21 9 10.5 46.7 16 5 1 2.5 60.5 2 1 1 - - -
LTM - - 7 7 4 3.5 15.6 - - - - - - - - - - -
AS - - 62 45 23 22.5 100.0 2 2 2 1.0 24.2 - - - - - -
CL - - 64 40 22 20.0 88.9 9 7 3 3.5 84.8 1 1 1 - - -
TRC - - 41 21 11 10.5 46.7 1 1 1 0.5 12.1 - - - - - -
TRS - - 10 10 8 5.0 22.2 1 1 1 0.5 12.1 1 1 1 - - -
TRF - - - - - - - - - - - - - - - - - -
PT - - 3 3 2 1.5 6.7 - - - - - - - - - - -
MT - - 1413 30 13 15.0 66.7 7 4 1 2.0 48.4 - - - 2 1 1
PHF - - 174 79 10 9.9 43.9 53 33 5 4.1 100.0 7 7 1 2 - -
PHS - - 1174 67 9 8.4 37.2 46 32 5 4.0 96.9 13 12 2 7 6 2
PHT - - 72 68 9 8.5 37.8 30 24 4 3.0 72.6 5 5 1 - - -
PH - - 22 - - - - 10 - - - - 1 1 1 - - -
SDC - - - - - - - 2 2 1 0.3 6.1 2 2 1 - - -
SED - - 12 12 2 1.5 6.7 3 3 1 0.4 9.1 2 2 1 - - -
SEP - - 17 16 1 1.0 4.4 12 12 1 0.8 18.2 1 1 1 - - -
VPF - - 5 5 1 0.6 2.8 - - - - - - - - - - -
VPS - - 5 5 1 0.6 2.8 4 4 1 0.5 12.1 - - - - - -
VPT - - 5 5 1 0.6 2.8 1 1 1 0.1 3.0 - - - 1 1 1
MP - - 135 - - - - 9 - - - - 4 1 1 - - -
CS - - 9 - - - - 3 - - - - - - - - - -
CB - 331 22 - - - - 4 - - - - - - - - - -
FB - 353 24 - - - - 1 - - - - - - - - - -
LB 1,354 132 1,390 - - - - 72 - - - - - - - - - -
TOTAL 1,359 929 4,153 739 23 - - 630 232 5 - - 81 56 2 16 10 2
1 refer to Appendix A for element codes; 2 includes bison and elk; 3 includes one juvenile specimen; 4 includes three juvenile specimens; 5 not considered in subsistence profile 
because scapulas may have been traded for tools 
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as flat bone, cancellous bone, or unspecified. The distinction between these Size Classes is 
advantageous because they can be used to address different analytical objectives. As such, only the 
elements that have been confidently identified to either Class 3 or 4 are used to explore transport 
strategies. However, the Class 2/3 and 3/4 remains will be incorporated into the analysis to address 
evidence pertaining to surficial modifications which are important in reconstructing the taphonomic 
history of the site.  
The remains were recovered from the context of both feature and excavation units (Figure 
4.1). Specifically, 5,047 remains were recovered from excavation units and 4,834 were recovered 
from features. The spatial distribution of the Class 3 and 4 remains is quite similar, in relative density 
distribution throughout excavation units and features. In this case, only remains recovered from pit 
features reported here. Several specimens (NISP) were recovered from posthole features, but are 
excluded in Figure 4.1. Clearly, the greatest number of specimens is found in six of the southern 
excavation units of the 1965 season. The Class 3 remains have a more varied distribution across the 
two excavation seasons, whereas the Class 4 remains are more restricted in their distribution. The 
distribution of human and non-human modifications observed on the remains do not provide 
additional insight because all such evidence closely parallels the distribution of the Class 3 and 4 
NISP distributions with an apparent high occurrence in the southern excavation units previously 
mentioned. 
The remainder of this chapter reports the findings of the taphonomically-oriented 
zooarchaeological analysis of the bison, elk, and deer remains from the Howard Goodhue site. 
Interpretations pertaining to the taphonomic history and behavioral implications will be provided in 
Chapter 5. For organizational purposes, results for each method employed (outlined in Chapter 3) will 
be reported concurrently for the Class 3 (deer) and Class 4 (bison and elk) remains to elucidate 
comparison in the following chapter. Here, the results of the quantification (identification, 
osteometrical analysis, and mechanical refitting), the assessment of the taphonomic history, (human 
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and non-human surficial modifications, fragmentation, and density-mediated attrition), and the 
inferred carcass utilization (meat, marrow, grease, and total package) of the Class 3 and 4 remains 
will be reported.   
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Figure 4.1. NISP distributions of the Class 3 (left) and Class 4 (right) remains. The color categories represent 
a natural breaks classification (Jenks optimization) which optimizes the groupings of values to minimize 
differences between the data values in the same class and maximize differences between classes (Slocum et al. 
2004). 
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SKELETAL ELEMENT FREQUENCIES 
Figure 4.2 illustrates the skeletal element frequencies represented at the Howard Goodhue 
site. The element categories including tarsals, carpals, and phalanges are based on the highest MNE 
occurrence within each of these element categories.  Another necessary clarification pertains to the 
scapulas of the Class 4 assemblage because although these elements are relatively abundant, they are 
considered “not applicable” in the context of this research. Since large game scapulae, especially 
bison, were commonly used as hoes for gardening, these elements are not included in the discussion 
of Oneota subsistence.  
Number of Identified Specimens 
 As mentioned, the assemblage contains a total of 9,881 specimens (NISP), of which 4,153 are 
identified as Class 3, and 630 are identified as Class 4 (83 bison, 16 elk, and 531 indeterminate large 
ungulate). In addition, 1,359 specimens were coded as Class 2/3, and 927 specimens were coded as 
Class 3/4. The remaining 2,810 unidentifiable specimens were classified as flat bone, cancellous 
bone, or unspecified (Table 4.2).  
Minimum Number of Elements 
Twenty-three deer are represented at the site, derived from an MNE of 23 right astragali. In 
addition, 5 large ungulates are represented, derived from an MNE of 18 right first phalanges. At best,  
there is an MNI of 2 bison identified based on an MNE of 7 left second phalanges and an MNI of 2 
elk based on an MNE of 5 right second phalanges (Table 4.2). Because there is an additional large 
ungulate not accounted for in the identified bison and elk remains, an osteometric analysis was 
conducted on the Class 4 phalanges in an attempt to correlate some of the taxonomically -ambiguous 
Class 4 Howard Goodhue specimens with a sample of modern bison and elk phalanges or toes. 
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Figure 4.2. %MAU calculations for the Class 3 (top), and Class 4 (bottom) assemblages. A bison image is 
used to represent the consolidated Class 4 remains. The color categories represent the Jenks optimization 
classification (see caption of Figure 4.1 for explanation). Carpals, tarsals and phalanges are represented by the 
highest MNE value within their respective element categories.  
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  Osteometrics of Large Ungulate Toes 
 As mentioned, fragmentary 
bison and elk remains are difficult 
to tell apart. The Howard Goodhue 
bison and elk assemblages contain 
an abundance of phalanges, some 
of which can clearly be identified 
as either bison or elk, while others 
cannot be distinguished. To 
increase the likelihood of 
classifying the taxonomically-ambiguous phalanges, an osteometrical method was designed to 
differentiate bison toes from elk toes. Following Von den Driesch (1976), four measurements were 
taken from the Howard Goodhue Class 4 toes, in addition to a modern sample of bison and elk toes 
for comparison. Measurements of the axial length, abaxial length, proximal breadth, and distal 
breadth are recorded to identify any correlations between the modern sample and the Howard 
Goodhue sample. The modern sample consists of 32 first and second phalanges from 2 bison (one 
bull and one cow) and 48 first and second phalanges from 6 elk (all cows). The Howard Goodhue 
sample consisted of 11 first and 13 second phalanges identified as Class 4.  
When the measurements for proximal breadth are plotted against axial length for both modern 
and Howard Goodhue phalanges, a clear pattern emerges (Figure 4.3). The 4 first phalanges and 7 
second phalanges from Howard Goodhue are closely associated with the modern bison phalanges. As 
for elk, 3 first phalanges and 7 second phalanges from Howard Goodhue appear to be from this 
species. A number of specimens (circled specimens in Figure 4.3) are not aligned closely with either 
of the modern bison or elk. Since the modern sample did not contain any bull elk, it is possible that at 
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Figure 4.3. Osteometric comparison between modern bison and elk 
phalanges and the Howard Goodhue large ungulate phalanges.  
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least some of the specimens circled in the upper portion of the graph belong to a bull bison, while the 
specimens circled in the bottom portion of the graph may represent a bull elk or a cow bison.  
Mechanical Refitting 
To include more specimens into MNE 
quantification, approximately 25% (700 of 2,876) of the 
unidentified long bone shaft fragments were non-
systematically searched for mechanical refits. This method 
was modified from White’s (1992:69-72) systematic 
method. The majority of the selected pieces were greater 
than 5 cm and consisting of non-jagged, smooth-edged 
surfaces. Approximately 250 hours was expended during 
this process, and produced a total of 52 conjoins (Table 
4.3). Only 1 Class 3 specimen was promoted from the 
unidentified long bone shaft sample to a metacarpal and 
only 2 Class 3 specimens were promoted from not sided 
metatarsals to a left and a right metatarsal. None of the 
newly combined specimens resulted in additional intra-
element overlap and therefore MNE quantifications 
remained unchanged. 
 
BONE MODIFICATION 
Non-Cultural Modifications 
 Carnivore modification and rodent modification were the only non-human surficial attributes 
recorded to address questions concerning the taphonomic history assemblage. These data are 
summarized in Tables 4.4 and 4.5.  
Table 4.3. Conjoined specimens. 
# of sets 
  Element 2 3 4 
Total 
Conjoined 
CRN 1 1  5 
MR 1  1 6 
HM 2   4 
RD 1   2 
CPU 1   2 
MC1 1   2 
FM 1   2 
CL 1   2 
AS 1 2  7 
TRC 1   2 
MT2 3   6 
LB 1   2 
C
LA
SS
 3
 
FB3 1     2 
SC 1   2 
MC 1   2 
PHF 1   2 
C
L
A
SS
 4
 
PHS 1     2 
  TOTAL 52 
1 One specimen promoted from 
unidentified long bone shaft fragment 
2 Two specimens promoted from "not 
sided" to "sided" 
3 Class 3/4, incidental refit 
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Table 4.4. Surficial modifications of specimens identified as deer (Class 3) or bison/elk (Class 4). 
 CLASS 3 CLASS 4 
ELE NISP B
ur
n 
B
re
ak
 
Im
pa
ct
 
C
ut
 
G
na
w
 
R
od
en
t 
NISP B
ur
n 
B
re
ak
 
Im
pa
ct
 
C
ut
 
G
na
w
 
R
od
en
t 
CRN 204 9 - - - 2 - 15 4 - - - - - 
MR 118 7 - - 2 4 5 12 - 2 - - - - 
HY 1 1 - - 1 - - 2 1 - - - 1 - 
AT 11 1 - - 1 - - - - - - - - - 
AX 16 1 - - - - - - - - - - - - 
CE 132 17 - - 1 2 - - - - - - - - 
TH 91 7 - 1 2 - - - - - - - - - 
LM 96 7 - - 2 3 - - - - - - - - 
SA 5 1 - - - - - - - - - - - - 
CA 4 2 - - - - - - - - - - - - 
RB 179 34 1 - 15 14 1 23 1 1 - - 5 2 
SC 94 13 1 - 4 7 4 75 7 3 - 3 11 9 
HM 80 24 38 4 4 4 3 16 2 4 - - 1 1 
RD 79 22 40 2 6 8 4 15 - 6 - - - - 
UL 17 3 2 - 1 1 - 11 4 2 - 2 3 - 
CPI 4 3 1 - - 1 - - - - - - - - 
CPR 9 5 1 - - 1 - 3 1 - - - - - 
CPU 14 6 - - - 1 - 3 1 - - - - - 
CPS 13 5 2 - - 1 - - - - - - - - 
CPF 4 1 - - - - - 1 - 1 - - - - 
MC 46 11 32 3 2 6 4 5 - 3 1 - 2 2 
MCF 2 1 - - - - - - - - - - - - 
IM 46 1 1 1 1 2 - 15 - 2 1 1 1 - 
FM 101 7 38 1 4 7 6 12 2 2 - - 1 2 
TA 143 7 66 3 5 16 8 16 2 5 - - 2 3 
LTM 7 1 1 - - - - - - - - - - - 
AS 62 17 - - 20 19 4 2 1 - - - 1 1 
CL 64 10 9 - 8 19 6 9 1 - - - 2 1 
TRC 41 8 25 - 4 1 - - - - - - - - 
PT 3 1 - - - 1 1 - - - - - - - 
MT 141 30 45 3 4 7 11 7 1 2 - - 1 - 
PHF 174 56 97 - - 29 10 53 14 5 - 1 7 7 
PHS 117 49 32 - 2 21 9 46 10 7 - 1 12 7 
PHT 72 26 7 - 1 10 3 30 6 - - - 3 4 
TFR 18 1 - - - - - - - - - - - - 
VT 278 36 - - - 2 2 27 15 - 1 3 2 2 
CS 9 4 - - - - - 3 1 - - - - - 
CB 22 4 - - - - - - - - - - - - 
FB 24 3 - - - - - - - - - - - - 
MP 135 38 62 - 3 7 1 9 2 - - - - - 
LB 1,390 527 330 35 58 95 68 72 9 14 1 2 22 11 
SES 29 12 - - - - - 17 7 - - - - - 
VP 15 10 - - - 1 - - - - - - - - 
PH 22 11 4 - - 1 - 10 4 1 - - 1 - 
Total 4,132 1,040 835 53 151 293 150 509 96 60 4 13 78 52 
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Carnivore Modification 
Table 4.4 provides the occurrence of carnivore modified remains. The highest incidence in 
Class 3 occurs on the calcanei and astragali, followed by the phalanges and metacarpals. Axial 
elements, by contrast have a very low occurrence of carnivore modification. For the Class 4 remains, 
carnivore modification has the highest percentage of occurrence on the metacarpals, followed by the 
tarsals, ribs and ulnas, with an overall greater occurrence relative to the Class 3 assemblage on the 
remaining long bones. Again, the axial elements show the least amount of carnivore modification. 
Overall for both Class 3 and Class 4, there is a high incidence of carnivore modification on 
low utility elements (metapodials, carpals, tarsals, and phalanges; Table 4.4, Figure 4.4) and moderate 
occurrence on higher utility elements such as the long bones. To evaluate the likelihood of carnivore 
attrition, especially on the long bone articular ends, an articular end to shaft ratio based on anatomical 
zones was calculated.  
 Long bone epiphysis to shaft fragment (NISP) ratios provides an accurate and easily obtained 
quantitative estimate of the degree to which carnivores remodeled the assemblage (Blumenschine and 
Marean 1993). This is because carnivores will preferentially gnaw upon the softer, cancellous 
portions of bone to obtain nutrients and therefore a similar end to shaft ratio suggests that carnivore 
destruction played a minimal role in shaping the condition of  an assemblage whereas a ratio with few  
Table 4.5. Surficial modification of specimens not identified to taxon. 
 CLASS 2/3 CLASS 3/4 
ELE NISP B
ur
n 
B
re
ak
 
Im
pa
ct
 
C
ut
 
G
na
w
 
R
od
en
t 
NISP B
ur
n 
B
re
ak
 
Im
pa
ct
 
C
ut
 
G
na
w
 
R
od
en
t 
CRN - - - - - - - 30 1 - - - - - 
TFR - - - - - - - 5 1 - - - - - 
VT - - - - - - - 69 8 - - - - - 
CB - - - - - - - 331 65 1 2 1 8 - 
FB - - - - - - - 353 63 - 1 7 15 4 
LB 1,359 779 151 8 34 56 14 132 30 17 3 5 25 13 
Total 1,359 779 151 8 34 56 14 920 168 18 6 13 48 17 
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ends to many shafts suggests a substantial amount of carnivore destruction. Table 4.6 represents the 
end to shaft ratio results for Class  3  and  4 presented  in  terms of  anatomical zone  quantification  to  
account  for  intra-element fragmentation. Elements that have more articular ends than shafts will 
display increased ratios whereas elements with more shafts than ends will display decreased ratios.  
Figure 4.4. Class 3 (top) and Class 4 (bottom) selected sample of carnivore modified elements.  
5 cm
5 cm
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For the Class 3 long bones, all elements except metapodials exhibit a greater ratio of shaft 
zones than epiphysis zones; in fact most long bones have approximately twice as many shaft zones 
than epiphysis zones. In contrast, the Class 4 long bones display much more variability. Elements 
such as the humeri, femora, and metapodials display more epiphysis zones than shaft zones, although 
the radii, ulnae, metacarpals, and metatarsals are comparatively similar to those Class 3 elements end 
to shaft ratios. Another difference can be observed in the representation of ends to shafts of the tibia, 
where in Class 3 there are two-thirds as many ends as shafts, but in Class 4 there are approximately 
one-quarter as many ends as shafts. Finally, the Class 3 long bones as a whole have approximately 
two-thirds as many ends as shafts, whereas the Class 4 long bones as a whole have three-quarters as 
many ends as shafts.  
Rodent Modification 
 Rodent modification is not common in the assemblage (Table 4.4). The cranial and axial 
elements are virtually absent of any rodent modification whereas the appendicular elements 
experience slight to moderate modification. For Class 3, the vast majority of elements displaying 
evidence of rodent modification are less than 10% (NISP) of their respective element categories. The 
Class 4 remains display slightly more evidence of rodent modification in terms of %NISP but this 
should not be regarded as an overall higher abundance because the Class 4 sample size is much 
smaller than that of Class 3. If rodent modification can be used as a proxy indicator of surface 
 
Table 4.6. End to shaft intra-element ratios according to anatomical zones. 
  CLASS 3 CLASS 4 
ELE NISP ZONES Zend Zshaft End:Shaft NISP ZONES Zend Zshaft End:Shaft 
HM 80 102 27 75 0.36 16 22 14 8 1.75 
RD 79 114 47 67 0.70 15 19 9 10 0.90 
UL 17 17 2 15 0.13 11 14 1 13 0.08 
MC 46 68 22 46 0.48 5 13 4 9 0.44 
FM 101 117 41 76 0.54 12 13 7 6 1.17 
TA 142 168 67 101 0.66 16 19 4 15 0.27 
MT 150 207 69 138 0.50 7 8 3 5 0.60 
MP 135 159 92 67 1.37 9 11 9 2 4.50 
TOTAL 750 952 367 585 0.63 91 119 51 68 0.75 
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exposure as some researchers have suggested (e.g., Lyman 1994:195), then it would appear that the 
large game assemblage from Howard Goodhue was not exposed for an extended period of time. 
Cultural Modifications 
 Human surficial modification can influence the taphonomic history of a faunal assemblage 
just as much, if not more in some cases, than non-human surficial modification. To address questions 
of carcass butchery and transport decisions by the Oneota occupants of the Howard Goodhue site 
attributes such as green-bone breakage, percussion, and cutmarks were recorded. Burning was also 
recorded to address addition questions pertaining to possible clean-up episodes and/or the 
occupational history of the site.  
Breakage 
 Table 4.4 lists the occurrence 
of green-bone breakage for the Class 3 
and 4 remains. Table 4.7 provides the 
occurrence (NISP) of green-bone 
breakage for long bone elements per 
anatomical zone. It is not surprising to 
see that both of the Class 3 and 4 axial 
elements display an overall lack or 
absence of green-bone breakage, as 
these elements which are primarily composed of cancellous bone are usually just crushed into pieces 
if broken while fresh (Bunn et al. 1988; Lupo 2006; O’Connell et al. 1988; Yellen 1977). In 
opposition, the long bone elements display extensive spiral breakage.  
For Class 3, the highest incidence occurs in the metacarpals and central tarsals, followed by 
radii, humeri, tibiae and unidentified metapodials. A moderate occurrence is demonstrated in the 
femora, the metatarsals, and the unidentified long bones. Also of interest is the occurrence of green-
Table 4.7. Green-bone breakage per long bone anatomical zone. 
   LONG BONES 
  ZONES HM RD MC FM TA MT 
PREZ - 18 18 5 5 9 
PRSZ 4 6 - 12 15 5 
MDSZ 14 7 12 9 12 28 
DSSZ 14 8 2 1 24 3 C
LA
SS
 3
 
DSEZ 6 1 - 11 10 - 
  Totals 38 40 32 38 66 45 
PREZ - 2 3 - - 2 
PRSZ - 2 - 2 3 - 
MDSZ - 1 - - 2 - 
DSSZ 4 1 - - - - C
LA
SS
 4
 
DSEZ - - - - - - 
  Totals 4 6 3 2 5 2 
PREZ: proximal end;  PRSZ: proximal shaft; MDSZ: mid shaft; 
DSSZ: distal shaft; DSEZ: distal end 
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bone breakage in the carpals, tarsals, and phalanges. In terms of the intra-element occurrence of 
green-bone breakage, the Class 3 long bones except the radii and metacarpals exhibit a higher 
frequency in the shaft portions compared to the articular end portions (Table 4.7).  
The Class 4 assemblage is fairly similar in terms of green-bone breakage of long bone 
elements with the metacarpals and radii displaying the highest occurrence. The humeri, tibiae, 
metatarsals, ulnae, and unidentified long bones have moderate occurrences. In addition, the mandibles 
and the phalanges also have a fairly moderate occurrence (Table 4.4). The intra-element occurrence 
of long bone spiral-breakage is somewhat similar to that of Class 3 because most of it occurs in the 
shaft portion of elements (excluding the metacarpals and metatarsals; Table 4.7). However, too much 
emphasis should not be placed on the interpretive ability of the Class 4 spirally broken elements 
because of the very small sample size.  
Attributes of impact related surficial modification including fractures, flakes, cones, notching 
and crushing are relatively scarce on the Howard Goodhue faunal remains; however, this is not 
unexpected because these attributes generally do not occur in high frequencies on butchered remains, 
especially if the long bones are still encased in the periosteum (Pickering and Egeland 2006). Refer to 
Table 4.4 for the calculations of impact related evidence on the faunal remains. For Class 3, only one 
lumbar specimen and one innominate specimen display evidence of crushing. Long bone elements 
displaying evidence of impact fractures, flakes, cones or notching include metacarpals, humeri, radii, 
metatarsals, tibiae, femora, and unidentified long bones. The Class 4 has a somewhat lower 
occurrence of impact related surficial modification but this again is potentially an effect of the small 
sample size. One unidentified vertebra and one innominate fragment display evidence of crushing. 
The only long bone elements displaying evidence of impact fractures, flakes, cones or notching 
include metacarpals and unidentified long bones.  
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Cutmarks 
 Figure 4.5 illustrates the number of average cutmarks per unit surface area per element 
following methods outlined by Rapson and Todd (1999). Although this figure shows which of the 
Class 3 and Class 4 elements exhibit the most evidence of cutmarks per unit area, it does not show the 
anatomical location of the cutmarks which is important for inferences concerning butchery behaviors.  
Therefore, Tables 4.8 and 4.9 lists the mean cutmarks per unit area for each anatomical portion of 
cutmarked elements. Considering that many cutmarked portions are only represented by a single 
NISP, a general trend can still be observed. The Howard Goodhue deer assemblage displays an 
overall increase in mean cutmarks per unit area in the axial elements compared with other elements. 
The cutmarked hyoid and mandible specimens may indicate the removal of the tongue. The humeri 
display the most cutmarks of the forelimb elements with the highest occurrence in the mid shaft 
portion. For the hindlimbs, the central tarsals display the highest occurrence of cutmarks. Also note 
that a total NISP of 20 astragali and 8 calcanei contain cutmarks which provides useful information 
regarding the disarticulation of the hindlimb “knee” joint. Overall, the cutmarked deer specimens are 
consistent with what one should expect for both disarticulation and defleshing butchery behavior due 
to the occurrence of cutmarks on articular ends and shaft portions of the long bones in addition to 
centrum portions of vertebrae.  
Figure 4.5. Mean cutmarks per unit area for Class 3 (left), and Class 4 (right). 
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Table 4.8. Class 3 cutmarked remains by portion. 
  ELE Portion NISP 
Mean 
Cutmarks 
Mean  Surface 
Area (mm2) 
Mean Cuts/ 
Unit Area 
MR lower border 1 6 405.5 14.8 
 ascending ramus 1 5 11,414.7 0.4 
HY angle 1 9 658.0 13.7 
AT centrum 1 4 408.0 9.8 
CE neural arch 1 3 438.1 6.8 
TH dorsal spine 1 6 773.7 7.8 
 transverse process 1 4 120.6 33.2 
LM articular process 1 7 658.4 10.6 
 transverse process 1 11 285.0 38.6 
A
X
IA
L 
RB blade 15 6.3 766.9 11.0 
SC glenoid 1 8 14,427.6 0.6 
 border 3 7 628.9 13.0 
HM proximal shaft 1 12 1,132.9 10.6 
 mid shaft 1 23 626.5 36.7 
 distal shaft 1 13 1,068.8 12.2 
 distal end 1 8 1,013.8 7.9 
RD proximal end 6 4 877.7 5.1 
 distal shaft 1 2 614.9 3.3 
UL mid shaft 1 3 478.8 6.3 
MC proximal end 1 2 356.9 5.6 
FO
R
E
L
IM
B 
  mid shaft 1 2 765.7 2.6 
IM ilium  1 3 2,365.6 1.3 
FM proximal shaft 1 2 771.8 2.6 
 mid shaft 2 7.5 1,434.0 7.4 
 distal shaft 1 4 1,919.9 2.1 
TA proximal shaft 2 5 1,042.7 5.0 
 mid shaft 3 4.7 1,245.5 4.9 
AS complete 18 6 1,151.8 5.4 
 distal 2 1.5 766.5 2.3 
CL proximal 4 5.5 1,945.2 5.4 
 mid 3 9 1,757.2 5.3 
 distal 1 1 332.2 3.0 
TRC complete 4 5.8 530.8 16.8 
PT complete 1 3 1,292.1 2.3 
H
IN
D
L
IM
B
 
MT mid shaft 4 1.5 520.7 5.2 
PHS proximal end 1 2 151.2 13.2 
 distal end 1 7 644.4 10.9 
TO
ES
 
PHT proximal end 1 2 639.0 3.1 
MP distal shaft 1 3 774.6 3.9 
 distal end 2 2 563.0 3.6 
O
T
H
E
R
 
LB unidentified shaft 98 4.1 406.1 12.0 
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Burning 
 The final attribute of human surficial modification recorded for this research concerns the 
frequency, intensity (measured by color), and intra-site distribution of burning. For the deer remains 
only, Figure 4.6 displays the percent NISP burned remains (burning types aggregated) in features that 
contain relatively high densities of burned remains. Figure 4.7 provides the spatial distribution of deer 
and bison/elk burned remains within the Howard Goodhue site. These selected features likely 
represent clean-up episodes of the Howard Goodhue occupants which are useful for interpretations 
regarding the occupational history of the site. The sample size of the Class 4 burned remains is too 
small for robust inferences; however, it is interesting to note that in general, these remains were 
recovered outside of the pit features.  
Figure 4.6. Class 3 %NISP burned remains from selected features. 
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Table 4.9. Class 4 cutmarked remains by portion. 
ELE Portion NISP 
Mean 
Cutmarks 
Mean  Surface 
Area (mm2) 
Mean Cuts/ 
Unit Area 
TH centrum 1 2 571.4 3.5 
LM centrum 1 1 1,024.2 1.0 
VT centrum 1 3 1,338.6 2.2 
SC border 1 1 2,378.6 0.4 
 blade 2 3.5 929.3 6.5 
UL mid shaft 2 3 465.2 6.5 
IM pubis 1 3 1,101.2 2.7 
PHF proximal end 1 1 1,851.2 0.5 
PHS proximal end 1 1 1,477.5 0.7 
LB unidentified shaft 2 5.5 999.2 6.7 
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FRAGMENTATION 
 The Howard Goodhue faunal assemblage is highly fragmented. Figure 4.8 displays a selected 
sample of indeterminate long bone fragments that represent the general size of fragments in the 
assemblage. In order to ascertain just how fragmented the remains are, three measures were employed 
including percent complete, NISP:MNE ratios, and fragment size cumulative percents per skeletal 
element. These measures of fragmentation will be weighed against each other for purposes of pattern 
recognition and their ability to explain the causes of this taphonomic variable.  
Class 4 Burned
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2 - 3
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6 - 8
9 - 14
Postholes
Figure 4.7. NISP distribution of burned Class 3 (left), and Class 4 (right) remains.  
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Percent Complete 
The first method which makes use of landmark MNE values is Morlan’s (1994) percent 
complete procedure (Table 4.10). Figure 4.9 compares the percent completeness of Class 3 and 4 long 
bones. Based on low values, it is apparent that the long bone elements of both Class 3 and 4 are more 
highly fragmented relative to their axial elements. Although this information is useful, it does not 
provide insight into differences of intra-element fragmentation which is important for the 
reconstruction of the assemblage’s taphonomic history. To understand variability of intra-element 
fragmentation, Morlan’s 1994) method was used in conjunction with the previously mentioned 
anatomical zones (i.e., proximal end, proximal shaft, mid shaft, distal shaft, and distal end) in order to 
observe which portions of the long bones are most fragmented (Table 4.11).  
 
Figure 4.8. Selected sample of fragmented deer long bone fragments. 
5 cm
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 Table 4.10. Percent complete of element categories based on landmarks. 
  CLASS 3 CLASS 4 
ELE PD PP NISP PP/SP %CO PD PP NISP PP/SP %CO 
MR 15 96 119 0.81 5.4 15 7 12 0.58 3.9 
AT 8 25 11 2.27 28.4 8 3 2 1.50 18.8 
AX 7 16 16 1.00 14.3 7 1 1 1.00 14.3 
CE 5 118 134 0.88 17.6 5 24 27 0.89 17.8 
TH 5 74 92 0.80 16.1 5 31 27 1.15 23.0 
LM 5 88 99 0.89 17.8 5 39 36 1.08 21.7 
IM 8 56 47 1.19 14.9 8 14 15 0.93 11.7 
RB 3 55 179 0.31 10.2 3 11 23 0.48 15.9 
SC 10 62 94 0.66 6.6 10 42 75 0.56 5.6 
HM 13 61 80 0.76 5.9 13 10 16 0.63 4.8 
RD 11 53 79 0.67 6.1 11 10 15 0.67 6.1 
UL 7 20 17 1.18 16.8 7 11 11 1.00 14.3 
MC 8 50 46 1.09 13.6 8 11 5 2.20 27.5 
FM 10 54 101 0.53 5.3 10 6 12 0.50 5.0 
TA 11 94 143 0.66 6.0 11 10 16 0.63 5.7 
CL 5 130 64 2.03 40.6 5 25 9 2.78 55.6 
MT 8 153 141 1.09 13.6 8 10 6 1.67 20.8 
Figure 4.9. Skeletal element percent complete (long bones are red). 
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In terms of the Class 3 assemblage, the proximal humeri and proximal shafts are more highly 
fragmented than the other anatomical zones. The radii display more fragmentation in the mid shaft, 
distal shaft and distal end. The metacarpals are more fragmented in the distal shaft and distal end 
zones. And lastly, the metatarsals display high fragmentation in the proximal shaft, distal shaft and 
distal end zones. The resounding pattern observed here is that the long bone elements of the Class 3 
Table 4.11. Long bone intra-element percent complete.  
   CLASS 3 CLASS 4 
ELE ZONE PD PP NISP PP/SP %CO PD PP NISP PP/SP %CO 
HM PREZ 3 6 80 0.08 2.5 3 5 16 0.31 10.4 
 PRSZ 2 12 80 0.15 7.5 2 2 16 0.13 6.3 
 MDSZ 3 29 80 0.36 12.1 3 1 16 0.06 2.1 
 DSSZ 4 34 80 0.43 10.6 4 5 16 0.31 7.8 
  DSEZ 2 21 80 0.26 13.1 2 9 16 0.56 28.1 
RD PREZ 2 30 79 0.38 19.0 2 5 15 0.33 16.7 
 PRSZ 3 36 79 0.46 15.2 3 5 15 0.33 11.1 
 MDSZ 2 17 79 0.22 10.8 2 3 15 0.20 10.0 
 DSSZ 2 15 79 0.19 9.5 2 2 15 0.13 6.7 
  DSEZ 2 17 79 0.22 10.8 2 4 15 0.27 13.3 
MC PREZ 2 21 46 0.46 22.8 2 4 5 0.80 40.0 
 PRSZ 4 22 46 0.48 12.0 4 3 5 0.60 15.0 
 MDSZ 2 17 46 0.37 18.5 2 4 5 0.80 40.0 
 DSSZ 4 7 46 0.15 3.8 4 2 5 0.40 10.0 
  DSEZ 2 1 46 0.02 1.1 2 0 5 0.00 0.0 
FM PREZ 2 10 101 0.10 5.0 2 4 12 0.33 16.7 
 PRSZ 3 25 101 0.25 8.3 3 2 12 0.17 5.6 
 MDSZ 2 25 101 0.25 12.4 2 1 12 0.08 4.2 
 DSSZ 1 26 101 0.26 25.7 1 3 12 0.25 25.0 
  DSEZ 3 31 101 0.31 10.2 3 3 12 0.25 8.3 
TA PREZ 3 22 143 0.15 5.1 3 2 16 0.13 4.2 
 PRSZ 2 36 143 0.25 12.6 2 9 16 0.56 28.1 
 MDSZ 2 34 143 0.24 11.9 2 5 16 0.31 15.6 
 DSSZ 2 33 143 0.23 11.5 2 1 16 0.06 3.1 
  DSEZ 3 45 143 0.31 10.5 3 2 16 0.13 4.2 
MT PREZ 2 42 141 0.30 14.9 2 2 6 0.33 16.7 
 PRSZ 4 53 141 0.38 9.4 4 2 6 0.33 8.3 
 MDSZ 2 69 141 0.49 24.5 2 1 6 0.17 8.3 
 DSSZ 3 17 141 0.12 4.0 3 3 6 0.50 16.7 
  DSEZ 2 4 141 0.03 1.4 2 1 6 0.17 8.3 
%CO = (PP/SP)*100/PD 
PREZ: proximal end zone; PRSZ: proximal shaft zone; MDSZ: mid shaft zone;  
DSSZ: distal shaft zone; DSEZ: distal end zone 
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assemblage display the most fragmentation in the shaft zones as opposed to the articular end zones. 
The Class 4 assemblage displays a pattern that is congruent with the Class 3 percent complete of long 
bone anatomical zones, although some important differences are fragmented (less complete) shaft 
zones than articular end zones. However, the tibiae show the opposite with more fragmented articular 
ends than shaft zones.  
NISP:MNE 
A second measure of fragmentation and processing intensity can be measured through 
NISP:MNE ratios. This simple method which makes use of comprehensive MNEs, as opposed to 
landmark MNEs, may prove to be a more robust measure of fragmentation because MNE values are 
maximally distinguished by manually overlapping all specimens within an element category. One 
advantage that the NISP:MNE method has over the percent complete method is that the fragmentation 
of more skeletal elements can be accounted for. However, a disadvantage is that this method cannot 
measure intra-element fragmentation which relies on the use of landmark MNE values. Elements that 
are more intensively processed are represented by higher NISP:MNE ratios. According to Figure 
4.10, the deer tibiae are the most fragmented, followed by the radii, humeri, metatarsals, femora, and 
metacarpals. For Class 4, the 
tibiae are again the most 
fragmented, followed by the radii, 
femora, humeri, metatarsals, and 
metacarpals. 
When Figures 4.9 and 
4.10 are compared, the results 
appear quite different in terms of 
the relative fragmentation of the 
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Figure 4.10. NISP:MNE ratios of long bone elements (data derived 
from Table 4.2).  
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Class 3 and 4 long bones. This is likely a result of the type of MNEs used for each of the calculations, 
where percent complete uses landmark MNEs and NISP:MNE uses comprehensive MNEs. However, 
according to the tabular data (Tables 4.2 and 4.10) a pattern of increased fragmentation of long bone 
elements compared to axial elements can be observed for the deer and the bison/elk assemblages for 
both of the percent complete and the NISP:MNE methods.  
Fragment Size 
A third and final measure of fragmentation employed to understand variability of 
fragmentation between Class 3 
long bones and Class 4 long 
bones is the cumulative percent 
analysis of long bone fragment 
sizes. Following Lyman and 
O’Brien (1987), a cumulative 
percent was calculated for each 
identified long bone element for 
Class 3 and Class 4 and plotted 
in increments of 5 mm (Figure 
4.11, Table 4.12). In addition, 
unidentified long bone shaft 
fragments were included to 
illustrate how fragment size 
affects identification. This is 
clearly demonstrated in the deer 
long bones but not as 
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Figure 4.11. Class 3 (top) and Class 4 (bottom) cumulative percents of 
long bone fragment sizes. 
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pronounced in the bison/elk long bones because of the small sample size. The identified Class 3 long 
bone elements all appear to display very similar cumulative percentages indicating that none were 
more identifiable than others based on fragment size. 
The Class 4 long bone cumulative percents display a pattern that is quite different from that 
of the Class 3 long bones, but again too much weight should not be placed on interpretations of 
differential fragmentation because of the small sample sizes of the Class 4 elements. However, 
Table 4.12. Size classes of Class 3 and 4 long bones.  
 Class 3 Long Bone NISP Class 4 Long Bone NISP 
Length1 
(mm) HM RD  MC FM TA MT 
ID 
LB2 
LB 
FK3 HM RD MC FM  TA MT  
ID 
LB2 
LB 
FK3
0-5 - - - - - - - - - - - - - - - - 
6-10 - - - - - - - - - - - - - - - - 
11-15 1 - - - - 2 3 36 - - - - - - - - 
16-20 1 6 6 4 12 8 37 168 - - - - - - - 2 
21-25 8 12 9 12 18 19 78 268 - - - - 1 - 1 4 
26-30 15 10 7 21 24 24 101 282 1 2 - - 1 - 4 3 
31-35 11 11 6 16 22 18 83 228 1 - - 1 2 1 5 8 
36-40 11 6 3 10 15 12 57 157 3 1 - 2 1 1 8 16 
41-45 13 11 2 8 13 12 59 100 2 1 - 2 - 1 6 10 
46-50 3 8 3 8 6 6 34 66 2 3 - 1 - - 6 4 
51-55 9 3 1 6 2 12 33 30 - - - 1 1 - 2 3 
56-60 2 2 2 2 3 5 16 26 1 - 1 1 2 1 6 8 
61-65 3 2 4 1 6 3 18 15 - 1 - 1 1 - 3 3 
66-70 - 1 - 3 5 3 12 6 2 - - - - - 2 4 
71-75 1 2 1 2 3 2 11 3 - - - - 1 1 2 2 
76-80 - 2 - 2 4 4 12 1 - - - - 1 - 1 2 
81-85 2 1 - 1 2 3 9 1 1 - - 1 1 - 3 1 
86-90 - 1 - 1 2 5 9 1 - - - - - - - - 
91-95 - - 2 1 2 2 6 - - - - - - - - 1 
96-100 - - - 2 1 1 4 1 - - - - - - - 1 
101-105 - 1 - - - - 1 1 - - 1 - - - 1 - 
106-110 - - - - - - - - - - - - - - - - 
111-115 - - - 1 - - 1 - - - - - - - - - 
116-120 - - - - - - - - - - - - - - - - 
121-125 - - - - - - - - - - - - - - - - 
126-130 - - - - 1 - 1 - - - - - 1 - 1 - 
131-135 - - - - 1 - 1 - - - - - - - - - 
136-140 - - - - - - - - - - - - - - - - 
141-145 - - - - - - - - - - - - - - - - 
146-150 - - - - 1 - 1 - - - - - 1 - 1 - 
Total 80 79 46 101 143 141 590 1390 13 8 2 10 14 5 52 72 
1 Maximum length; 2 All identified long bones; 3 Unidentified long bones 
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sample sizes aside, the Class 3 long bones appear to have been subjected to greater processing 
intensity than the Class 4 long bones.  
Next, for Class 3 only, each identified long bone element was statistically compared to the 
other identified long bones using the Kolmogorov-Smirnov (K-S) two-sample test in order to evaluate 
whether certain long bones may be more fragmented than others. This test was not conducted for the 
Class 4 long bones because of sample size constraints. Again, the K-S test produces a D-statistic that 
measures the maximum difference between two cumulative distribution frequencies, in this case, the 
maximum lengths of fragments of two long bone elements. No element fragment size correlations 
were found to be statistically significant (p<0.05) indicating that differential fragmentation of Class 3 
long bones was not occurring at the Howard Goodhue site. However, a statistically significant 
correlation was calculated between all identified deer long bones and the unidentified deer long bones 
(p < 0.01). Clearly this demonstrates the effect of fragmentation on the identifiability of skeletal 
remains in general, and long bones specifically. 
 
DENSITY-MEDIATED ATTRITION 
To assess the role of density-mediated attrition played in the formation of the Howard 
Goodhue bison, elk, and deer assemblage, Spearman’s rank-order was employed (following Morlan 
1994) between volume density measurements calculated for deer (Lyman 1994) and bison (Kreutzer 
1992) and calculated %MAU values of the Howard Goodhue remains (Appendix B and C). 
According to the results, the Class 3 elements, singly and at the assemblage level are not 
found to be statistically significant. The only Class 4 elements found to be statistically significant is 
the metacarpal (rs = 0.894, p = 0.04) and the innominate (rs = 0.771, p = 0.04); however, the %MAU 
values for these elements, like the rest of the Class 4 elements, is derived from a small sample size. 
The assemblage level correlation for the bison/elk assemblage is not statistically significant. These 
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results suggest that destructive processes associated with differential volume densities of skeletal 
elements were likely not a factor in shaping the present condition of the assemblage. 
 
CARCASS EXPLOITATION 
As the above results demonstrate, the Class 3 and 4 faunal remains display dual-patterning, 
that is, both tool marks and carnivore tooth marks are present on many specimens. In short, the 
assemblage has a complex taphonomic history. As such, analysis pertaining to human decisions of 
carcass transport and butchery must be approached cautiously because at this point it is unclear 
whether carnivore-derived attrition has influenced the assemblage to such an extent that subsequent 
analysis is representing “dog behavior rather than human behavior” (Kent 1981:372). Therefore, until 
refined inferences can be established in the discussion chapter of this research, the following data 
concerning meat, marrow, grease and overall carcass utility will be presented cautiously with a full 
understanding that the results might be biased because of carnivore destruction upon the original 
skeletal element frequencies that were brought into the residential site by Oneota hunters.  
Table 4.13 represents the compiled data regarding skeletal element economic utility that can 
be applied to Size Class 3 and 4 animals. The following sections present the results for calculated 
values of meat, marrow, and grease per element correlated with the %MAU values for the Class 3 
assemblage only in order to isolate possible preferences of one of these resources over others. In 
addition, total package utility (a single index combining meat, marrow, and grease values) will be 
correlated with %MAU values to observe possible element preferences based on the combination of 
the three resources. Unfortunately, the Class 4 assemblage is too small to elucidate meaningful 
interpretations based on correlations of element frequencies and utility indices; however, inferences 
will still be constructed based on the available evidence. These analyses are necessary to evaluate 
carcass transport behavior that will be addressed in the following chapter. 
  
79
79
 
 
Table 4.13. Skeletal element economic utility. 
  CLASS 3 CLASS 4 
ELE (S)FUI1 Meat2 (kg) Marrow3 (g) %Fat4 %(S)GrUI5 %MAU (S)AVGTP6 Meat7 (kg) Marrow8 (ml) Grease9 (g) %MAU 
CRN-MR 9.1 - - - n/a 31.1 14.2 1.5 - - 24.2 
MR 11.5 - - - 9.5 46.7 - - 46.8 - 24.2 
CE1-7 47.3 1.6 - - 25.6 35.56 70.8 9.9 - 7.2 48.4 
TH 47.3 1.8 - - 7.9 4.8 84.7 8.1 - 22.7 10.4 
LM 33.2 0.2 - - 11.9 11.9 82.9 7.5 - 22.0 29.1 
RB 51.6 1.6 - - 7.5 3.8 100.0 13.0 - 52.2 6.5 
SN 66.6 - - - 8.9 0.6 52.9 5.4 - 4.0 4.0 
SC 44.7 1.1 - - 3.1 40.0 31.6 5.6 3.5 13.6 133.210 
HM 36.8 0.5 17.0 66.1 53.4 37.8 19.5 5.5 152.8 89.4 84.7 
RDU - - - - 18.6 31.1 7.8 1.9 100.1 56.0 72.6 
CP 25.8 0.3 15.0 59.3 41.5 35.6 0.5 - - 8.6 36.3 
MC 5.2 - 9.0 24.4 37.9 37.8 1.0 - 30.3 19.8 48.4 
IM-SA11 49.3 0.8 - - 28.0 22.2 56.2 6.3 - 93.9 36.3 
FM 100.0 3.0 31.0 74.3 100.0 53.3 69.3 22.0 169.1 127.8 60.5 
TA 62.8 0.6 44.0 50.4 67.3 46.7 11.2 2.8 169.9 56.4 60.5 
TR - - - - 22.2 100.0 1.6 - - 28.8 84.8 
MT 1.4 - 15.0 36.5 37.0 66.7 1.4 - 37.4 23.5 48.4 
PH 19.4 - 2.0 - 31.4 43.9 2.4 - 5.5 19.8 100.0 
1 Metcalfe and Jones (1988) - Table 3 6 Emerson (1990) - Table 8.6; long bone values averaged 
2 Madrigal and Holt (2002) - Table 1 7 Emerson (1990) - Table 6.2; weights averaged from 4 bison 
3 Madrigal and Holt (2002) - Table 3 8 Emerson (1990) - Table 5.25; volumes averaged from 4 bison 
4 Brink (1997) - Table 1; long bone values added together 9 Emerson (1990) - Table 5.37; weights averaged from 4 bison 
5 Binford (1978) - Table 1.11; values standardized after proximal and distal portions of long bone 
values added together  
10 not included because scapulas may have been traded for tools and not utilized 
as a  food source 
 11 includes CA for Class 4 only 
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Meat 
In comparison to marrow and bone grease, meat is the most readily available, accessible, and 
generally the most sought after resource that hunter-gatherers can obtain from a carcass (refer to 
Chapter 2). In most cases, a hunter’s primary objective after an animal has been killed is to procure as 
much meat that can be carried back to a residential village based on the number of carriers available 
(Lupo 2006). Meat weights were calculated for deer by Madrigal and Holt (2002) and for bison by 
Emerson (1990:Table 4.13). These weights were taken while the meat was still fresh or “wet”. Figure 
4.12 represents meat values for deer correlated with skeletal element %MAU values. Theoretically, if 
meat was the principal target and a particular hunter-gatherer group was in practice of carrying 
complete meaty elements to a residential site instead of defleshing the meat and discarding skeletal 
elements at the kill site, researchers should expect to see more meaty appendicular elements 
represented at a residential site than less meaty elements like certain axial elements, forming a 
“gourmet utility” curve (Thomas and Mayer 1983:368). However, because residential sites are often 
palimpsests of multiple carcass transportation events, perfect utility curve templates (reverse, 
unbiased, bulk, gourmet) that materialize from the data are the exception rather than the rule.  
There is a slightly 
negative correlation between 
element frequencies and 
associated meat weights (if the 
femur is excluded) for the 
Howard Goodhue deer 
assemblage (Figure 4.12). If 
meat was the primary resource 
targeted, one should expect the 
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Figure 4.12. Class 3 meat utility correlated with %MAU values. 
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opposite of what is expressed here (i.e., a higher %MAU of meaty elements). However, because some 
of the less meaty elements such as the lumbar vertebrae, radius-ulna, tibia, and humerus are as well 
represented as more meaty elements in the same anatomical category such as the ribs, thoracic 
vertebrae, scapula, and femur, a primary procurement of meat only appears to not be the goal of 
carcass resource extraction. As for meaty Class 4 remains, the only well represented element is the 
femur with an estimated 22.0 kg of available meat according to Emerson’s (1990) calculations (Table 
4.13). Axial elements such as the cervical vertebrae (including the atlas and axis), and lumbar 
vertebrae are fairly well represented which have moderately large amounts of calculated meat weight 
as well (Table 4.13). Small sample size aside, this may suggest that the meat value of bison and elk 
carcasses was important to the Howard Goodhue occupants. 
Marrow 
As with meat, marrow values were calculated by Madrigal and Holt (2002) for deer and 
Emerson (1990) for bison. The data is presented in terms of weight (g) for deer and volume (mL) for 
bison (Table 4.13). Figure 4.13 represents marrow values of the Class 3 remains correlated with 
%MAU values. If marrow was preferentially targeted and therefore marrow-bearing elements were 
selected for transport, from an archaeological standpoint one would expect to see an increased 
frequency of marrow-bearing 
elements such as the long 
bones compared to non-
marrow-bearing elements like 
the axial elements. For Class 3, 
there is no apparent correlation 
between element frequencies 
and marrow amount which 
Figure 4.13. Class 3 marrow utility correlated with %MAU values. 
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suggests that this carcass resource was not specifically targeted; however, the influence of 
fragmentation upon the assemblage and the abundance of spirally broken long bone specimens 
indicate the contrary (more on this in Chapter 5). For Class 4, all marrow-bearing elements are fairly 
well represented including the mandible, humerus, radius-ulna, metacarpal, femur, tibia, and 
metatarsal (Table 4.13). Again, small sample size aside, this suggests that marrow in addition to meat 
may have been important to the Howard Goodhue occupants. However, these limb elements 
mentioned above contain adequate amounts of meat, therefore marrow may have been a bonus 
carcass resource that was obtained as a result of targeting meaty elements. The metapodials, which do 
not contain much meat, may be the result of transport packages that subsequently contained the meaty 
upper forelimb (humerus) and hindlimb (femur) elements (discussed in more detail in Chapter 5).  
Grease 
 Grease values listed in Table 4.13 were calculated based on modifications to Binford’s (1978) 
grease calculations for sheep and substituted here for the Class 3 assemblage. Emerson’s (1990) 
calculated grease weights for bison were used for the Class 4 assemblage. To construct the Class 3 
grease utility index (%(S)GrUI), Binford’s (1978) grease index values were modified by adding the 
proximal and distal long bone 
portions together and then 
normalized by setting the largest 
value at 100 and scaling all 
other values accordingly. Brink 
(1997) calculated the percentage 
of fat (oleic acid) from bison 
elements; however it is less 
useful that the grease utility Figure 4.14. Class 3 grease utility correlated with %MAU values.  
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index calculated here because his data only accounts for 6 elements, whereas %(S)GrUI  (percent 
standardized grease utility index) accounts for all elements (Table 4.13).  
 Figure 4.14 represents the Class 3 grease utility index correlated with %MAU values. The 
apparent positive correlation suggests that grease may have been a principle component of the Oneota 
diet at the Howard Goodhue site; however, grease procurement by hunter-gatherers documented in 
ethnoarchaeological contexts has been determined to be a very labor intensive and cost-ineffective 
process, therefore such behavior may occur during times of food stress to acquire the necessary 
dietary requirements (i.e., protein and oleic acid) that is obtainable from bone grease. These findings 
used in conjunction with the abundance of green-bone breakage may suggest that grease manufacture 
was indeed an activity that the Howard Goodhue occupants employed, at least for the Class 3 
remains. This is discussed in more detail in Chapter 5. 
 Grease manufacture for the Class 4 assemblage cannot be substantiated because of the small 
sample size although grease-rich elements such as the femur and humerus are well represented (Table 
4.13). Just as with marrow, these elements contain large quantities of meat and therefore if grease was 
procured from Class 4 elements, it may have been secondary to the primary resource of meat.  
Total Package 
 Total package utility refers to the combination of meat, marrow, and grease in overall carcass 
resource value and is probably the most representative in terms of how hunter-gatherers perceive the 
value of particular skeletal parts. In other words, when decisions regarding transportation of carcass 
parts arise because of the distance to the residential camp, the size of the carcass, or the number of 
carriers, the overall utility of skeletal elements (within a transport package) most likely determines 
what is taken to the residential site and what is abandoned at the kill site.  
Figure 4.15 represents the food utility indices (standardized food utility index or (S)FUI) 
obtained from Metcalfe and Jones (1988) for the Class 3 remains correlated with the associated 
skeletal element %MAU values. Figure 4.15 weakly displays a pattern that some researchers refer to 
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as the reverse utility curve 
strategy (e.g., Grayson 1989; 
Lyman 1991; Thomas and 
Mayer 1983) because low 
utility elements are somewhat 
more represented than high 
utility elements. Interestingly, 
these types of assemblages are 
expected at kill sites rather than 
residential sites. However, these results should in no way change interpretations of the site’s function. 
The results presented here are most useful to confirm the impact that fragmentation and the 
subsequent lack of identifiability of the remains has on the interpretive ability of carcass resource 
utility indices.   
Table 4.13 provides the standardized average total package or (S)AVGTP obtained from 
Emerson (1990) for the Class 4 remains. High value elements such as ribs, thoracic vertebra, and 
lumbar vertebrae are not very well represented at the site. The minimal representation of these 
elements may in part be due to the fact that they consist mostly of cancellous bone and therefore are 
more susceptible to deletion or possibly because these elements were not selected for transport. 
Again, because of the limitations posed by the small sample size of the Class 4 remains, inferences 
drawn from food utility correlation with skeletal part representation will be less robust than 
interpretations drawn from the Class 3 data. 
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Figure 4.15. Class food utility index correlated with % MAU values. 
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CHAPTER 5 
DISCUSSION 
 
The previous chapters have laid the groundwork regarding the necessary data and interpretive 
tools that will be used to construct a fresh perspective of Oneota exploitation of bison, elk, and deer. 
These tools include: 1) taphonomically-informed zooarchaeological results from the Howard 
Goodhue site, 2) an interpretive approach with specific predictions/expectations derived from two 
forms of Optimal Foraging Theory, 3) ethnohistorical and ethnoarchaeological middle range 
observations of hunting, transport and post-transport processing practices necessary to bolster 
behavioral inferences, and 4) expectations derived from the prehistoric environmental context and 
subsequent game availability of central Iowa during the Moingona phase Oneota occupation. The 
purpose of this chapter is to firstly, incorporate the results and theoretical underpinnings of the 
previous chapters into a cohesive interpretation of the site specific utilization of bison, elk, and deer 
(i.e., transport and processing decisions). And secondly, use this interpretation of faunal exploitation 
in concert with the findings of two additional Moingona sites, the Christiansen site and the Clarkson 
site to update the current model of Oneota subsistence in central Iowa. 
 
INTERPRETATION 
Taphonomic History 
 Results indicate that the Class 3 and 4 remains have a complex dual-patterned taphonomic 
history. The analyses in Chapter 4 indicate that the remains are highly fragmented, display extensive 
evidence of carnivore modification as well as extensive evidence of green-bone breakage attributed to 
marrow and grease extraction. But are humans or carnivores most responsible for the condition in 
which they appear within the current context? 
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Mussmann (2005) reports a minimum of 5 canids represented at Howard Goodhue which 
were likely domesticated dogs kept by the occupants of the Howard Goodhue site as pets, beasts of 
burden, or even food.  Regardless of their use within the context of the residential site, it seems that 
these animals (and probably more) were afforded access to the faunal remains. Three scenarios 
outlined in Table 5.1 address the possible expected evidence that one should observe when analyzing 
remains that have been utilized by people then carnivores. Because the utilization of skeletal 
resources is an extractive process, it is important to note that the expected evidence of each scenario 
is hierarchically contingent. In other words, carnivores that had access to higher utility elements 
(scenario 1) might still chew on lower utility elements once they have ravaged higher utility elements. 
But on the other hand, as in scenario 3 where humans extracted all possible resources from the 
skeletal elements, carnivore modification should only be expected on lower utility elements because 
they were not provided access to higher utility ones.  
Although Tables 4.4 and 4.5, and Figure 4.4 provide abundant evidence of toothmarked low 
utility elements, all three scenarios are still possible at the Howard Goodhue site because the question 
of carnivore access still persists. At what point during the extraction of element resources were the 
carnivores provided access? In other words, were the dogs provided access to the remains after 
marrow extraction or after marrow extraction and grease manufacture? It is possible under scenarios 
1 and 2 that carnivores were given higher utility elements after meat and marrow extraction because 
Table 5.1. Possible scenarios of carnivore post-acquisition evidence on skeletal remains. 
Scenario 
Human Targeted 
Resource(s) Resource(s) Left Expected Evidence 
1 Meat Marrow, Grease 
Carnivore modification on higher 
utility articular ends and shafts 
(articular ends possibly deleted) 
2 Meat, Marrow Grease 
Carnivore modification on higher 
utility articular ends (articular 
ends possibly deleted) 
3 
Meat, Marrow, 
Grease Nothing 
Carnivore modification on lower 
utility elements 
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grease may not have been of interest by the humans. The articular ends would be subsequently 
deleted by chewing them to oblivion, digesting them, or carrying them off (e.g., Marean et al. 1992; 
Kent 1981). Even though low end to shaft ratios (Table 4.6) suggest that carnivores were in fact 
responsible for destroying articular ends, it is my conclusion that scenario 3 (humans targeting meat, 
marrow, and grease) is most likely, especially when the fracture evidence is considered. For both of 
the Class 3 and Class 4 assemblages, green-bone breakage is quite apparent on the long bones, 
mandibles, and phalanges, all of which are marrow-bearing elements (Table 4.4; Figure 4.6). 
Logically then, it can be inferred that the Oneota occupants were at least interested in procuring 
marrow as a nutritional resource in addition to meat. If boiling meat was the preferred method of 
cooking, perhaps marrow was added to the water to make a gravy, enhancing the nutrition and flavor 
of the meal as documented by several researchers (e.g., Binford 1978; Miller and Seaburg 1990; 
Yellen 1977).  
Furthermore, if the people were only interested in marrow and not grease, then from an 
optimal foraging perspective one should only expend the needed energy required to crack open a long 
bone just enough to extract the marrow. Subsequently, long bone fragments should remain relatively 
large. However, the fragmentation and spiral breakage of the Class 3 long bones suggests that these 
elements were processed beyond the extraction of marrow (Figures 4.8-4.11; Tables 4.7, 4.10-4.12). 
But could the dogs be responsible for this observed size rather than the humans? To the author’s 
knowledge, the literature does not address the domestic dog’s ability to crush the diaphysis of a deer 
long bone creating smaller fragments with spiral breakage, this question was evaluated by observing 
the percentage of spirally broken specimens that also contained toothmarks (Figure 5.1). Accordingly, 
the Class 3 long bones all display a relatively infrequent occurrence (<10%) of toothmarks on spirally 
broken specimens suggesting that the dogs were not responsible for the fragmentation observed. The 
toothmarked spirally broken fragments most likely represent carnivore access after human utilization 
but before the grease content was entirely depleted. These pieces of evidence used in conjunction 
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with ethnographic observations 
of cooking behavior (e.g., 
Nunamiut, Hadza, !Kung 
Bushmen) bolster the inference 
that the occupants of the 
Howard Goodhue site were 
“pot-sizing” the Class 3 long 
bones to either cook directly 
with meat or to render the 
grease separately. By boiling bone fragments directly with the meat, important nutrients such as 
lipids, carbohydrates, and vitamins are absorbed into the meat and are imperative to a healthy diet, 
especially during the winter when animals are particularly lean (Brink 1997; Lupo and Schmitt 1997; 
Speth and Spielmann 1983; Vehik 1977). Alternatively, they were procuring grease to manufacture 
pemmican, a widely documented strategy employed to stave off hunger during the winter months.  
The Class 4 assemblage seems to have been treated somewhat differently due to the less 
frequent occurrence of green-bone breakage (Tables 4.4 and 4.7) and the overall size of these 
fragments (Table 4.12; Figure 4.11). The radius, metacarpal, and long bone spirally broken specimens 
display a higher frequency of toothmarks compared with the same categories in Class 3 suggesting 
that there was possibly still plenty of grease within these elements when the dogs were given access 
to them. Perhaps grease was not sought after in the Class 4 remains but at this point there is not 
enough evidence to substantiate such a claim because of the small sample size.  At most, the Class 4 
long bones were being processed for marrow. After considering the above observations, a warranted 
interpretation follows that the Class 3 low end to shaft ratios of long bones (Table 4.6) has more to do 
with grease rendering practices of the Howard Goodhue occupants than of carnivore destruction, 
although both likely played a role.  
Figure 5.1. Percentage of spirally broken marrow-bearing elements 
with toothmarks. 
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Central Place Foraging and Carcass Transport 
 In a palimpsest faunal assemblage, questions of carcass transportation are difficult to address 
due to the accumulation of multiple events (Binford 1982). When multiple animals are represented at 
a residential site, the only way to extract fine-grained inferences of carcass part preference is if 
redundant choices were made regarding particular transport packages. Hadza ethnoarchaeological 
researchers have been able to determine that although there is much situational variability in carcass 
part selection and transport, some body parts are transported more frequently than others, and if 
destruction from attritional processes is not a factor, these element frequencies are reflected at their 
residential sites (Bunn et al. 1988; O’Connell et al. 1988, 1990; Lupo 2001; Monahan 1998). 
 Judging from the sheer quantity of archaeological material recovered at the Howard Goodhue 
site, it can be inferred that the site was occupied either continuously or intermittently for at least 
several seasons if not years. Assuming that the 23 deer and the 5 bison/elk were singly acquired and 
carcass transport decisions were generally consistent, then inferences concerning whole carcass 
versus differential part selection can be established. Under CPF, as round-trip travel time and search 
time increase in the pursuit of prey, it should be expected that the farther a hunting group or 
individual travels from the residential site and/or spends time looking for game, the more differential 
selection of transport packages will result once an animal has been captured (Bettinger 1991). On the 
other hand, if prey was captured closer to the residential site, it is more likely that the entire or most 
of the carcass would be transported back to the village. Under the interpretive umbrella of OFT, CPF 
also predicts that when decisions of carcass part selection must transpire, then those packages with 
the most resource utility will be selected for transport. 
 The skeletal element frequencies of the deer remains (Table 4.2, Figure 4.2) indicate that 
there are more hindlimbs than forelimbs represented at Howard Goodhue by a small margin. 
However, several factors must be considered before inferences can be approached about a possible 
hindlimb preference. The first factor to consider is the carpals. It is curious that there are not as many 
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carpals as tarsals represented (Table 4.2) which may seem to add support to a hindlimb preference 
interpretation; however, carpals are quite smaller than tarsals and may have passed through the ½ in. 
screen being used during the excavation. Also, the southern excavation units of the 1965 field season 
contain the highest density of faunal remains (Figure 4.1), but the extent of this ecofact density was 
not explored with additional subsurface testing that would have been appropriate to the south. Many 
of the tarsals contain evidence of carnivore modification, and several toes have signs of being 
digested, therefore the carpals would have likely been subjected to similar taphonomic effects. If the 
carpals were consumed they may have been redeposited far away from the site. A second and clearly 
important factor to consider is the high degree of fragmentation and its impact on identifiability 
(Figures 4.8-4.11; Tables 4.10-4.12).  
Overall, because the cranial and axial elements are in general as well represented as the 
appendicular elements, it is likely that deer were captured close to the village and transported 
relatively complete. The abundance of skeletal parts represented at the Howard Goodhue site is 
bolstered by ethnohistorical observations that indicate white-tailed deer were highly ranked among 
many Great Plains and Midwestern Prairie Native American groups because of their availability and 
ease of transport. In addition, because Hadza and !Kung hunters generally encounter prey far enough 
away to influence decisions of carcass transport, the inference of complete carcass transport of deer 
suggests that these animals were encountered close to the village.   
 The skeletal element frequencies of the bison and elk remains indicate an overall higher 
abundance of appendicular elements relative to axial elements (Table 4.2, Figure 4.2). Since there are 
only 5 animals represented, the high degree of fragmentation and subsequent lack of identifiability do 
not play such a substantial role as with the deer remains. CPF predicts that in a particular region with 
a continuum of ranked prey types, highly ranked prey (large bodied animals) will always be taken 
upon encounter (Bettinger 1991; Broughton 1994). This prediction helps infer why there are more 
bison and elk appendicular elements represented than axial elements because it is likely that since 
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these large ungulates are highly ranked, the hunters were more willing to travel farther from their 
residential base to acquire them. The increased distance from camp was likely the principal factor 
responsible for initiating differential carcass part selection resulting in forelimb and hindlimb 
packages transported back to the Howard Goodhue site.  
Potentially, hunters may have ventured as far as 10-15 km from the residential site (as 
suggested by Kelly 1995) in pursuit of highly ranked prey resources. Hadza and !Kung hunters have 
been documented carrying carcass packages upwards of 30 kg for several kilometers, but many 
porters were required to do so (Bunn et al. 1988; Yellen 1977). Moreover, if 24 Hadza men were 
needed to transport selected carcass packages (forelimb, hindlimb, and rib cage) of a water buffalo 
approximately 5 km (Bunn et al. 1988:434), then potentially the Howard Goodhue village contains 
this many or more people. In addition, it is likely that at least one large ungulate was transported en 
masse according to the abundance of axial elements. Perhaps this particular animal was encountered 
fairly close to the site or there was a large enough hunting party to transport the entire carcass. 
However, this claim may not be able to be substantiated because it is entirely possible that at least one 
carcass transport event included axial elements. These elements after all do contain large quantities of 
meat. 
Marginal Value Theorem and Post-Transport Processing 
Now that the general assessment of whole-carcass Class 3 transport and differential forelimb 
and hindlimb Class 4 transport has been inferred from the prevailing results, questions regarding post-
acquisition choices of carcass processing can be addressed through predictions posed by the Prey-as-
Patch model (Burger et al. 2005), a variant of the Marginal Value Theorem. The model predicts 
whether a prehistoric community experienced “normal” versus “bad” (i.e., resource stressed) times 
based on the “stop element” of marrow extraction evidenced by marrow extraction. Clearly, all of the 
major marrow-bearing elements including the long bones and the mandibles display sufficient 
evidence of green-bone breakage indicative of marrow extraction behavior. Interestingly though, both 
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of the Class 3 and 4 assemblages contain a relatively high occurrence of spiral breakage on the first 
and second phalanges which only contain a small amount of marrow (Figure 5.2). According to the 
cumulative gain curve established by the Prey-as-Patch model, the toes are the last possible elements 
that should be processed. Therefore, based on the prediction of the model, the Howard Goodhue 
occupants were experiencing “bad” times (Figure 1.2).  
Binford (1978) observed that Nunamiut women would preferentially accumulate caribou toes 
throughout the winter and then process them for marrow in the spring just before the group moved to 
their summer residential locality. Subsequently, because the toes were all processed at the same time, 
the processed remains were dumped into a single pile which if preserved in situ should provide an 
excellent marker for this type of behavior. If this type of behavior was occurring at the Howard 
Goodhue site, unfortunately this marker is not visibly apparent because the majority of the broken 
toes were recovered from the dense ecofact cluster of the southern excavation units of the 1965 
season (Figure 4.1). 
Broken phalanges by themselves should not necessitate an interpretation of resource stress or 
“bad” times because in terms of the caloric returns of processing toes, it is largely a waste of time 
which could be more efficiently spent foraging for other sources of food. Perhaps to the contrary, 
broken toes may in this instance, be an indicator of “good” times because an abundance of food stores 
(i.e., resource availability) would enable community members to partake in energy inefficient 
activities such as breaking toes for their marrow content. However, I am in agreement with the 
findings of the Prey-as-Patch model. I interpret that broken phalanges considered in conjunction with 
the intensely fragmented remains (especially the deer long bones), in addition to the broad spectrum 
diet evidenced by the numerous small mammal remains suggests that the Howard Goodhue occupants 
were extracting as much resource value from skeletal elements as possible. They were not partaking 
in these labor intensive extractive processes because they were bored and needed something to do, but  
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PHF left PHF right 
PHS right PHS left 
PHF left PHF right 
PHS left PHS right 
Figure 5.2. Selected sample of Class 3 (top) and Class 4 (bottom) spirally broken phalanges. 
5 cm 
5 cm
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instead because they needed the dietary supplements from within-bone nutrients. Reasons for this 
may have included dwindling supplies of crop yield brought about by the increased seasonality of the 
Neo-Boreal and Pacific climatic episodes and/or the overexploitation of faunal resources in the region 
(more on this below). 
Concerning the treatment of the vertebrae, these elements (at least the deer vertebrae) may 
not have been treated similar to the Hadza, Kung! Bushmen, or Nunamiut “way.” According to 
ethnoarchaeological documentation, if these hunter-gatherers transported vertebrae packages back to 
their village, generally little energy was spent attempting to cut off the meat. Instead the transported 
packages were generally chopped into pot-sized portions, boiled until cooked and then the meat was 
simply picked off the bone and eaten (Binford 1978; O’Connell et al. 1988; Yellen 1977). At the 
Howard Goodhue site, only one specimen displays evidence of crushing; however, several Class 3 
vertebrae specimens exhibit cutmarks on peripheral portions such as dorsal spines or transverse 
processes. Furthermore, the cutmarked transverse processes of lumbar and thoracic specimens display 
an increased intensity of mean cutmarks per unit area compared with other cutmarked vertebrae 
portions (Table 4.8). This suggests that meat may have been cut off the bone and not boiled with it. 
However, this claim cannot be entirely substantiated because impact related evidence (caused from 
chopping pot-sized portions of the vertebral column) rarely preserves as commented by Pickering and 
Egeland (2006). On the other hand, a small number of Class 4 vertebrae specimens display cutmarks 
on the centrum portions which may suggest that vertebrae were being disarticulated into small 
portions, possibly for purposes of pot-sizing and subsequent boiling.  
 
IMPLICATIONS FOR RESOURCE DEPRESSION 
Charnov et al. (1976) define resource depression as the decline in encounter rates of prey due 
to the foraging behavior of predators. The findings at the Howard Goodhue site do not offer a 
textbook case of resource depression if it must be identified in this way because at this point, 
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encounter rates cannot be gleaned from the current documentation of Moingona faunal remains. In 
addition, resource depression must be measure diachronically and this research only offers a 
synchronic perspective of faunal exploitation. However, this is not viewed as posing a problem 
because the findings of this research can simply be used as a starting point from which younger (i.e., 
Woodland), older (i.e., Orr phase Oneota), or penecontemporary (i.e., Glenwood, Great Oasis, Mill 
Creek) faunal assemblages can be compared to evaluate the claim of resource depression.  
The inference that the Oneota occupants of the Howard Goodhue site may have experienced 
resource depression is bolstered by the aforementioned conclusions regarding the grease procurement 
of long bones, the marrow procurement of phalanges, and inclusion of several small bodied animals 
in the diet. Binford (1978:158) states that the process of grease procurement “is a labor-intensive 
activity, requiring great amounts of firewood, patience, and labor… [that] may go on continuously 
from 1 to 3 days.” Operating from an optimization perspective, the only time when people should 
pursue the manufacture of grease is when they have to in order to survive. If such an activity was not 
absolutely imperative then why would they not pursue a more easily obtainable resource with a higher 
rate of caloric return? In fact, it may be argued that activities such as long bone fragmentation for 
grease manufacture and broken phalanges for marrow extraction indicate “good” times as opposed to 
“bad” times because the people had enough time and security to partake in such cost-ineffective 
activities.  
However, “forager[’s] must maximize the net rate of energy capture so as to secure enough 
food while maintaining sufficient time for non-foraging activities essential to fitness, [such as] 
reproductive behavior, but also religious activities, prestige competitions, etc.” (Kelly 1995:54). In 
other words, if people have economic security (measured by resource stability) then they should be 
spending their “free time” on symbolic culture as Kelly (1995) has suggested. Based on the material 
remains at the Howard Goodhue site, it appears that more time was spent on subsistence related 
activities (based on the abundance of spirally broken faunal remains) compared to aesthetic activities 
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(based on the relative scarcity of symbolic/aesthetic items; Gradwohl 1973:60,69,76-77). Potentially, 
the Howard Goodhue people did not have much “free time” because it was necessary to expend more 
energy (albeit inefficiently) on subsistence related activities such as breaking toes and procuring 
grease. This is however only one piece of information that potentially supports the claim of Moingona 
resource depression. The following paragraphs provide additional subsistence-related information to 
support the claim.  
Analysis of the canid (Mussmann 2005) and beaver (Sinnott 2005) remains at the Howard 
Goodhue site provide additional insight into the possibility of resource stress. As mentioned 
previously, Mussmann (2005) identified an MNI of 5 canids (4 small and 1 large) at the site. Of 
interest here are the 14 cutmarked specimens indicating that some or all of these animals were a 
source of food. If dogs are allowed to scavenge discarded food in a village setting, it has been 
suggested that these animals may actually have been able to maintain a healthy fat content even 
during lean times of the year (Snyder 1991). If dogs were a regular menu item at the site, I would 
expect a larger number of individuals to be represented and certainly a higher frequency of cutmarked 
remains. Possibly the Howard Goodhue occupants, like the historic Pawnee, ate dogs during times of 
food stress (Bozell 1988). As for the beaver remains, Sinnott (2005) reports that the Howard Goodhue 
site contains the largest beaver assemblage in the Midwestern United States with an MNI of 29 (based 
on left mandibles containing incisors). The extent of their exploitation as a food source is unclear 
because of the disproportionate amount of cranial to post-cranial remains indicating a preferential 
accumulation of incisors for possible utilitarian use. However, several cutmarked post-cranial 
specimens suggest that they were at least somewhat utilized as a food source. Although the beaver 
does not offer much in terms of meat utility, the tail has been found to be a rich source of fat (Morgan 
1986), a critical resource during times of food stress or lean times of the year. 
Stiner (2003) outlines 3 expressions of resource intensification that result from food stress: 
grease rendering, an expanded diet breadth, and differential prey population resilience under 
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increased hunting pressure (i.e., a decline of the higher valued prey). At least two of these criteria can 
be substantiated at the Howard Goodhue site. The evidence suggestive of grease manufacture is 
outlined above and the diverse faunal collection from the site signifies a diet that is certainly varied. 
Not only are beaver and canid remains present but also squirrel, gopher, muskrat, bear, raccoon, 
skunk, bird, turtle, and fish (Gradwohl 1973); however some of these species might be invasive and 
not associated with the subsistence. Pianka (2000) asserts from an ecological perspective, that to 
overcome the problem of declining preferred prey populations, a predator will incorporate lower yield 
prey to maximize the return per unit expenditure by reducing the search time. Furthermore, OFT 
predicts that lower ranked resources will only be taken if encounter rates with higher ranked resources 
declines below a certain point. Therefore, the total number of low ranked resources in the diet should 
reflect low encounter rates of higher ranked resources because the abundance of less preferred prey 
depends on the scarcity of preferred prey (Broughton and Grayson 1993). Also of relevance here is 
Stiner’s (2003:36) assertion that “a surge in bird exploitation is among the earliest symptoms of new 
pressure on traditional resources.” Although the avifauna at the Howard Goodhue site has not been 
quantified, an MNI of 17 birds, including 8 turkeys is suspected (personal communication, Carlson 
2007).  
The third expression of resource intensification from Stiner’s (2003) list is declining high-
value prey due to hunting pressure. At this point, such a claim cannot be substantiated from the 
current documentation of Moingona phase faunal exploitation although as more contemporary 
zooarchaeological analyses of Oneota faunal remains is conducted, the question of declining high-
value prey populations can be addressed more thoroughly. 
The environmental context of the Moingona phase Oneota occupation (A.D. 1100-1400) is a 
final piece of information that adds support to the likely occurrence of resource depression in central 
Iowa. The environment in Iowa from A.D. 1250-1450 (Pacific climatic episode) and A.D. 1550-1850 
(Neo-Boreal climatic episode) were marked by decreased annual rainfall and increased seasonality. 
  
98
Researchers assert that these climatic changes were responsible for the disruption of the growing 
season and subsequent diminished crop yields (Bryson and Baerreis 1968; O’Brien and Wood 1998). 
If these researchers are correct, then inferences concerning resource depression drawn from the 
findings at Howard Goodhue would meet the expectations derived from reduced environmental 
productivity. If the occupants of the Howard Goodhue site experienced poor annual maize yields then 
logically a subsistence strategy would have been adopted to meet the group’s nutritional needs. 
Expanding the diet breadth and practicing resource intensification by means of grease manufacture 
are two such strategies that were employed to compensate for poor maize production. Another 
consequence of declining environmental conditions, especially if a particular group places primary 
importance upon horticulture, would be an increased reliance upon game. In turn, as Stiner (2003) 
outlines in her third expression of resource intensification, increased hunting pressure in a region 
would result in decreased highly valued prey, in this case, bison, elk, and deer.  
 
COMPARISON BETWEEN THREE MOINGONA PHASE VILLAGES  
Christenson Site 
The Christenson site is located near the confluence of the Des Moines River and Beaver 
Creek (Figure 5.3). The site was discovered in 1981 during an archaeological survey of the 
downstream corridor, a strip of floodplain adjacent to the Des Moines River between the City of Des 
Moines and the Saylorville Dam (Benn and Bettis 1981). In 1983, the Rock Island Corps of Engineers 
sponsored emergency excavation of the site because the Des Moines River, continuing to migrate 
eastward was threatening the integrity of the site (Benn 1984). In 2003, Bear Creek Archeology was 
contracted by the Corps to conduct additional excavations at the site (Benn et al. 2003).  
Eight non-overlapping household structures providing firm ground for the assertion that the 
site is a village. Moreover, it is estimated that the village may have contained as many as 18-20 
houses that have since been eroded by the Des Moines River and/or remain unexcavated east of the 
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bike trail that runs along the eastern margin of the current delineation of the site (Benn 2003). 
Whether this number of houses was occupied contemporaneously or intermittently was not speculated 
upon. Furthermore, the site is interpreted as a winter occupation according to the evidence offered by 
the faunal assemblages of the two excavations.  
The 1983 excavations produced approximately 11,000 faunal remains representing 25 
species, the most abundant of which are deer, elk, raccoon and turtle. Turkey was also identified and 
fish remains were present but scarce (Benn 1984). The 2001 excavations produced 25,272 faunal 
remains, representing 17 species which were recovered from two contexts including a midden and 45 
features. As for medium to large game, an MNI of 23 deer, 3 elk, and 1 bison are reported. At least 10 
turkeys were also identified (Kelly 2003). The claim of a winter occupation is supported by the dental 
Figure 5.3. Locations of the Christenson, Clarkson, and Howard Goodhue sites. 
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eruption pattern of several deer specimens and the abundance of turkey. Although deer and turkey can 
be hunted year-round, it is most advantageous to hunt them during the fall and winter because they 
tend to aggregate and feed near river bottoms during these times of year (Bent 1963).  
Intersite Comparison 
Following Otarola-Castillo (2006), who compared the findings from his Clarkson faunal 
analysis with Kelly’s (2003) aforementioned analysis, the MNE counts from the Christenson midden 
and feature contexts were combined to facilitate comparisons with Howard Goodhue. Figure 5.4 
presents the skeletal element profile of the Christenson site compared with that of the Howard 
Goodhue site. Note that the Class 
4 category only includes elk 
remains for the Christenson site 
whereas it includes elk and bison 
for the Howard Goodhue site. 
Visually, the skeletal element 
frequencies appear to be quite 
similar for both Class 3 and 4 
between the two sites. The only 
major differences apparent are the 
mandibles and the tarsals for Class 
3 and the scapula, innominate and 
phalanges for Class 4. Again, the 
scapulas at the Howard Goodhue 
site may not have been acquired 
for subsistence but instead 
Figure 5.4. Skeletal profile comparisons of Class 3 (left) and Class 4 
(right) between Christenson (13PK407) and Howard Goodhue 
(13PK1). Carpals, tarsals and phalanges are represented by the 
highest MNE within their respective element categories. 
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acquired as a tool through trade (see Chapter 1). A t-test between MNEs for Class 3 (p = 0.08) and 
Class 4 (p = 0.11) assemblages indicates that statistically, there is no difference between the sites for 
either class size (α = 0.05). 
Overall, it appears that the Christenson site and the Howard Goodhue site share several 
characteristics. Firstly, the skeletal element profiles of the Class 3 and 4 remains appear to be fairly 
similar as demonstrated above. Second, Kelly (2003) comments on the “very fragmentary nature” of 
the remains citing Benn (1991) who asserts that the fragmentation observed in the 1983 excavated 
remains “may be because the bone was heavily processed for in-bone nutrients of marrow and bone 
grease” (Kelly 2003:43,46). Furthermore, the level of fragmentation is demonstrated by the fact that 
only 9.9% of the midden remains and only 4.8% the feature remains were identified to a taxon below 
the level of Order (Kelly 2003:46). According to Figure 5.5, the deer metatarsals are the most 
fragmented, followed by the metacarpals, tibiae, radii, femora, and humeri. The elk long bones appear 
to be much less fragmented. Comparing the NISP:MNE ratios of the Christenson site and the Howard 
Goodhue site would seem to indicate that the latter is of a magnitude 2 to 3 times more fragmentary 
than that of the former 
(Table 4.2). However, 
when considering that 
only 1,935 specimens 
(1,688 deer and 247 elk) 
were able to be identified 
to element out of a total 
NISP of 11,958 medium 
to large sized mammal 
remains (1,564 medium 
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Figure 5.5. Christenson long bone NISP:MNE ratios.  
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and 10,394 large), it becomes clear that the Christenson assemblage was fragmented to such an extent 
as to render the majority of the medium and large mammal remains unidentifiable (Kelly 2003:Tables 
3.5-3.10). Furthermore, in highly fragmented assemblages fewer specimens are able to be identified 
which equates to lower NISP:MNE values (Marshall and Pilgrim 1991), thus the NISP:MNE ratios of 
the Christenson deer and elk long bones confirm this claim of intense processing.  
Carnivore modification was not reported and statistical correlation between scan site volume 
densities and skeletal element portions was not conducted so it is unclear at this point what agent may 
have been most responsible for the level of fragmentation observed. Thirdly, the Christenson site 
contains an MNI of 10 turkeys and the Howard Goodhue site may contain an MNI of 8 turkeys. 
Assuming that turkeys are a marker of fall and/or winter occupation, then this might help draw 
inferences regarding the occupational history of the Howard Goodhue site. Although analysis 
pertaining to the dental eruption patterns of Class 3 or 4 teeth was not conducted for this analysis, 
there is enough similarity between the Christenson site and the Howard Goodhue site to suggest that 
the latter was likely, at least occupied during the winter. Moreover, very few fish remains were 
discovered at either site, although recovery methods at the Howard Goodhue site were not conducive 
for fish bone retrieval.  
Radiocarbon dates established for the Christenson site range from A.D. 1040-1439 (Benn 
2003:16) overlap with dates calculated for the Howard Goodhue site (A.D. 1190 + 60), although 
whether these sites were occupied contemporaneously cannot be substantiated. Could the Christenson 
locality represent an earlier or later manifestation of the same people that occupied the Howard 
Goodhue site or vice versa? Perhaps when the resources became depleted at one winter habitation site 
the next few winters were spent at the other location. A comparison with the Clarkson site may add 
additional insight into the settlement and subsistence patterns of the Moingona Oneota. 
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Clarkson Site 
 The Clarkson site is located on a terrace adjacent to the Middle River approximately 2 km 
southeast of the Howard Goodhue site and 1 km west of the Des Moines River (Figure 5.3). Like the 
Howard Goodhue site, the Clarkson site was excavated under contract of the Army Corps of 
Engineers as part of the Red Rock Reservoir project. Under the direction of David M. Gradwohl, the 
site was excavated in 1966 by Iowa State University Archaeology Lab personnel, with the findings 
reported by Osborn (1976, 1982).  
Otarola-Castillo (2006) reanalyzed the Clarkson faunal assemblage using equivalent 
zooarchaeological methods utilized in this research. Interestingly, the vast majority of these remains 
come from a single feature and considering the fact that only six, 10-x-10 ft. units were excavated; it 
leads one to conclude that this site might be a substantially larger village. The presence of 9 deer in 
one feature pit was interpreted as either a single butchery event (deer acquired synchronically) or a 
single clean up event (deer acquired diachronically). However, if the latter were the case then one 
should expect to see a more equal representation of deer carcass parts rather than a disproportionate 
amount of forelimbs as is the case (Otarola-Castillo 2006). An alternative explanation is postulated 
that the Clarkson occupants may have been “saving” bones for future use similar to 
ethnoarchaeological observations of the Nunamiut (Binford 1978) and the Evenki (Abe 2005). 
In light of accumulating evidence suggestive of resource depression during the Moingona 
Oneota occupation of central Iowa, this research supports Otarola-Castillo’s (2006) alternative 
explanation that forelimb elements were being preferentially saved for marrow and grease 
procurement to be consumed when food resources became less available, likely during winter. As 
with the Christenson site, a comparison of the Clarkson carcass utilization with that of the Howard 
Goodhue site will help elucidate a refined model of Moingona settlement and subsistence. 
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Intersite Comparison 
 Between the Howard Goodhue site and the Clarkson site, there is little difference between 
axial elements, hindlimbs and phalanges but there is a noticeable difference between forelimb 
element frequencies (Figure 5.6). Calculated tests between MNEs of the Christenson site and the 
Clarkson site (p = 0.13) indicate that statistically there is no difference between skeletal element 
abundance between the sites (α = 0.05). However, t-test results calculated between MNEs of Howard 
Goodhue site and Clarkson indicate that the skeletal 
frequencies are statistically different (p = 0.03; α = 0.05). It 
is curious that Clarkson was determined to be statistically 
different from Howard Goodhue but not to Christenson 
considering that the latter and the former share several 
characteristics. One discrepancy between these comparisons 
is that both the Howard Goodhue site and the Christenson 
site were excavated more extensively than the Clarkson site. 
If this aspect was more equivalent, potentially the faunal 
assemblage of the Clarkson site would have more in 
common with both the Christenson site and the Howard 
Goodhue site. Another difference between the Clarkson and 
Howard Goodhue sites are the findings for the statistical 
likelihood that density mediated attrition played a role in 
shaping the condition of the assemblages. As reported 
earlier, the skeletal element frequencies and associated 
volume densities were not statistically significant at the 
assemblage level but at the Clarkson site, Otarola-Castillo 
Figure 5.6. Class 3 Skeletal profile 
comparisons between Clarkson 
(13WA2), Christenson (13PK407) and 
Howard Goodhue (13PK1). Carpals, 
tarsals and phalanges are represented by 
the highest %MAU value within their 
respective element categories. 
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(2006:101) reports a significant 
correlation at the assemblage level (p = 
0.034, α = 0.05).  
Regardless of visually or 
statistically derived differences 
observed between Clarkson, 
Christenson, and Howard Goodhue, there is one notable similarity. The Clarkson assemblage, as with 
Christenson and Howard Goodhue assemblages, have been determined to be highly fragmented. 
Table 5.2 provides the NISP:MNE ratio comparison between deer long bones at the three sites. 
Comparing the fragmentation between the sites, the Christenson site is the least fragmented (except 
for the metatarsals), the Howard Goodhue site is moderately fragmented, and the Clarkson site 
displays the highest level of fragmentation. However, t-tests on arcsine transformations of the long 
bone NISP:MNE ratios indicate that statistically there is no difference between the levels of 
fragmentation between any of the sites. Therefore, even though the Clarkson deer long bones appear 
to be more fragmented than the other two sites, perhaps the assemblages are not similarly fragmented.  
Because there is evidence for dual-patterning at the Clarkson site, the agent responsible for 
the level of fragmentation was investigated. Although results suggest carnivore attrition from a 
calculated low end to shaft ratio, the highly fragmented assemblage was interpreted as a result of 
human-derived percussion breakage (Otarola-Castillo 2006). Carnivore modification was reported in 
only 3.6% of the identified specimens whereas percussion related attributes were evidenced in 35.3% 
of the remains (Otarola-Castillo 2006:103). Although the level of carnivore modification is different 
from Howard Goodhue, it certainly appears from the percussion related evidence that post-acquisition 
carcass treatment was similar.  
The Clarkson site season of occupation has not been addressed thus far but keeping in mind 
that only a small portion of a potentially much larger site has been excavated, two possibilities may 
Table 5.2. Deer long bone NISP:MNE comparison. 
Long 
Bones 
Christenson 
NISP:MNE 
Howard Goodhue 
NISP:MNE 
Clarkson 
NISP:MNE 
HM 1.5 4.7 7.0 
RD 2.7 4.9 7.8 
MC 4.5 2.7 7.0 
FM 2.1 4.2 8.5 
TA 3.0 6.8 7.0 
MT 8.7 4.7 3.6 
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be approached. If the deer were acquired synchronically during the proposed Moingona resource 
depression, I would argue that the site was occupied during the warm season when resources were 
more plentiful and food conservation was not as eminent. If however, the deer were acquired 
diachronically and the forelimb elements represented in the single feature were being rationed over 
time, then I would argue that the Clarkson site was occupied during the cold season when resource 
conservation would have been imperative.  
 
CONTEMPORARY MODEL OF MOINGONA SETTLEMENT AND SUBSISTENCE 
Apart from speculation, the Clarkson site in addition to the Christenson site and the Howard 
Goodhue site may have been occupied continuously year-round. Evidence has been provided that 
potentially suggests that these three sites may have suffered from resource depression reflected in the 
processed intensity of their associated faunal assemblages. In light of this, one interpretation is that 
these hunter-horticulturalists were forced to practice a subsistence and settlement strategy of 
“residential mobility” (Binford 1980) dictated by resource abundance and availability. As food 
resources in a particular area began to deplete as a consequence of decreased encounter rates with 
preferred prey, instead of sending out logistical forays to procure these resources farther and farther 
away from camp, they would simply move the residence to an environmentally analogous location 
where the established subsistence strategy of resource intensification and diversification could 
continue until it was time to move again. If this was not the case and these people were instead fully 
sedentary and subsequently sent out task groups to procure resources, then differential transport 
decisions should be reflected in the deer assemblages. At Clarkson, this may be the case but at the 
Howard Goodhue site and the Christenson site, it would appear from the available evidence that 
whole carcasses were transported. In light of maize agriculture being the Oneota primary food 
resources, deer whole-carcass transport may have been facilitated by “garden hunting” defined by 
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edge zones created along the periphery of garden plots that support a higher biomass of game than the 
surrounding forest (Peterson 1981).  
In light of the overall scarcity of bison and elk remains in Moingona assemblages, it is likely 
that these animals were not abundant in the central Iowa region. Therefore, the interpretation of bison 
and elk differential carcass transport should be expected, especially through an optimal foraging 
perspective because these animals are large-bodied and hence, highly ranked. Moreover, one should 
expect to see differential transport decisions reflected in the skeletal element frequencies at residential 
sites because upon encounter these prey will always be pursued, potentially much farther from the 
village than a deer would be pursued.  
Interpretations of additional Moingona phase sites add support to the proposed “seasonal 
round” settlement and subsistence strategy that has been suggested by previous researchers (e.g., 
Benn 2003; Moffat et al. 1990). Moingona phase sites including the Dawson site (13MA207) and the 
Norman Dille site (13MA208), located approximate 20 km downstream from the Howard Goodhue 
site on the Des Moines River floodplain (see Otarola-Castillo 2006:Figure 3), are interpreted as small 
hamlet-sized summer habitations with enough midden accumulation to indicate a single, several-
month occupation or a few short lived reoccupations (Moffat et al. 1990). The Dawson site has an 
MNI of 1 bison, 3 elk, and 14 deer represented, whereas the Norman Dille site has 1 bison, 1 elk, 1 
unidentified large ungulate, and 4 deer represented (Kelly 1990:Table 1.2). Both sites also contain the 
usual array of small mammal diversification typical of Moingona sites. The Wildcat Creek site 
(13MA209) is located approximately 10 km southeast of the Dawson and Norman Dille sites and is 
also interpreted as a summer village mainly due to its large fish assemblage; however, 5 identified 
structures and 76 features makes a warm-season-only occupation questionable. An MNI of 2 dogs, 18 
beaver, 4 elk, 4 bison, 23 deer, 10 birds, and 53 fish suggest that this site was occupied during warm 
and cold seasons, perhaps consecutively (Moffat et al. 1990).  
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Although there is some merit to the notion of a Moingona seasonal round model, one line of 
evidence calls this notion into question. Gradwohl (1973) reports a frequency of 723 end scrapers and 
417 side scrapers recovered at the site which far outnumbers any other formal tool recovered (refer to 
Table 1.2). Ethnographic evidence indicates that these tools were primarily used for hide processing 
(Gallagher 1977). It has been demonstrated that deer and elk hide preparation involves “wet” scraping 
the inner surface to remove tissue, then brain-tanned with the epidermis left in place (Belitz 1973). As 
such, a reduced number of scrapers are required for processing deer and elk hides because as Brink 
(1978) demonstrates, soaking the hide in water facilitates the easy removal of hair thereby minimizing 
tool wear.  On the other hand, in order to brain-tan a bison hide, both the epidermis and hair must be 
removed and the former can only be removed when the hide is dry (Belitz 1973). Furthermore, 
Schultz (1992) reports that while processing a single bison hide it was required to resharpen a series 
of scrapers over 100 times. Needless to say, this rate of re-sharpening indicates an increased need for 
raw material for scrapers in order to process bison hides.  
Using Hall’s (1962) method, Boszhardt and McCarthy (1999) provide a projectile 
point/scraper index (number of scrapers divided by the number of projectile multiplied by 100) to 
evaluate the occurrence of scrapers in late prehistoric lithic assemblages that range from the western 
extent of the Prairie Peninsula where bison were prevalent to the eastern extent where bison are 
minimally reported in prehistory. Figure 5.7 displays Boszhardt and McCarthy’s (1999:Table 1) data 
averaged by location from west to east across the Prairie Peninsula with additional Moingona 
point/scraper calculations from the Cribb’s Crib site (DeVore 1984:Table 7), the Clarkson site 
(Osborn 1976:Table 19), and the Howard Goodhue (Gradwohl 1973:63-64). Clearly, scrapers become 
increasingly abundant as one moves west across the Prairie Peninsula most likely correlating with 
increased bison hide processing.  
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The findings of this research 
conclude a minimum of 23 deer, 2 
elk, and 2 bison (with 1 additional 
large ungulate). It is entirely 
possible that the Howard Goodhue 
occupants processed the hides 
associated with these animals but if 
deer hides do not require extensive 
use of scrapers then why are there 
over 1,000 scrapers at the Howard Goodhue site? Arzigian et al. (1989) argue that La Crosse Oneota 
peoples migrated west to the “Little Prairies” south of Minnesota to hunt bison. Perhaps the 
Moingona Oneota practiced a similar strategy or alternatively as DeVore (1990) and Gallagher and 
Stevenson (1982) suggest, they traveled west to partake in the annual bison hunts on the Plains, a 
strategy extensively employed by several Great Plains and Midwestern Prairie Native American 
groups during the historic period (see Chapter 2). A strategy such as this helps explain why there is an 
abundance of hide scrapers and bison scapula hoes with an overall paucity of bison carcass remains. 
In order to transport bison resources back to central Iowa, similar methods employed by historic 
period Native American of defleshing skeletal elements and drying the meat to reduce the 
transportation costs is a possibility that should be considered. Unfortunately, this potential subsistence 
strategy cannot be substantiated at this point and therefore claims of long distance bison procurement 
forays must remain conjectural. 
From the available evidence, a subsistence strategy that can be bolstered by the available 
evidence is that the Moingona Oneota people were hunter-horticulturalists that practiced broad 
spectrum foraging, the principle component of which was corn but supplemented in large part by 
preferred prey such as bison, elk, and deer. Potentially their subsistence strategy involved a seasonal 
Figure 5.7. Late prehistoric lithic point/scraper index arranged 
from west to east across the Prairie Peninsula.  
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round with northwesterly winter occupations in the Des Moines River valley and more southeasterly 
occupations during the summer. If in fact these people were experiencing a form of resource 
depression, a seasonal-round settlement strategy might have allowed them to move to analogous 
locations within the region that enabled then to exploit a variety of faunal resources to supplement 
possible decreased crop yields.  
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CHAPTER 6 
SUMMARY AND CONCLUSIONS 
 
The Oneota manifestation of the midwestern United States is an intriguing archaeological 
culture whose sites have been documented extensively, yet there are certain aspects of these hunter-
horticulturalists that still remain inadequately addressed. Literature discussing issues such as Oneota 
cultural origins (Benn 1995; Glenn 1974), historical connections (Hall 1995; Mason 1976) regional 
developments (Boszhardt 1994; Overstreet 1995), symbolism (Benn 1989; Staeck 1999), power and 
gender (Berres 2001; Koehler 1997), ceramic studies (Berres 1998; Henning 1960), and lithic studies 
(Boszhardt and McCarthy 1999; Scott 2006) have been essential contributions to our broadening base 
of knowledge concerning Oneota lifeways. Unfortunately, the majority of previous Oneota faunal 
analyses have not been quantified in way that facilitates intersite comparison and not until within the 
last decade has attention been directed toward more comprehensive assessments of Oneota faunal 
exploitation (Kelly 2003; Otarola-Castillo 2006). The research discussed here contributes to the small 
but growing database of contemporary zooarchaeological analyses of Oneota faunal remains in order 
to refine the outdated model of faunal exploitation that has traditionally been applied in Oneota 
studies. 
 Under CPF, the skeletal element frequencies of the Howard Goodhue site suggests that white-
tailed deer (MNI = 23) were most likely captured nearby, perhaps through a “garden hunting” 
strategy (Peterson 1981). Highly ranked prey resources such as bison and elk (MNI = 5) were most 
likely captured farther away and brought back in more manageable, high utility packages. It cannot be 
stated with certainty if logistical forays were organized for the sole purpose of hunting bison or elk, or 
if these animals were captured randomly within an “embedded” subsistence strategy (Binford 1979). 
However, under the interpretation of resource depression and additionally with an optimal foraging 
perspective, if encounter rates were reduced these large-bodied prey resources would have been 
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pursued to the exclusion of all other foraging endeavors. However, it is important to consider that 
according to the ethnohistorical record of Great Plains and Midwestern Prairie groups, bison and elk 
were sometimes ranked lower than deer as a food resource. Because bison were available in Iowa 
within the Prairie Peninsula (Bowles 1970; Dinsmore 1994) and even documented farther to the east 
(Fletcher and La Flesche 1992; Driver 1969), but Moingona sites contain skeletal elements that 
represent a scarcity of Class 4 individuals, these animals may not have been actively pursued in the 
region and only taken when chanced upon. It is likely that these animals were hunted singly, perhaps 
akin to the native methods outlined by Carlson (1998). Another possibility is that Moingona Oneota 
abandoned the Des Moines River valley in the summer, traveled farther to the west and participated in 
the well documented summer bison hunt that has been suggested by some researchers (DeVore 1990; 
Gallagher and Stevenson 1982). If this scenario occurred, it will likely not be able to be detected 
archaeologically because a common documented practice was to deflesh and dry the meat so as to 
reduce transport costs (Fletcher and La Flesche 1992). If the Moingona Oneota were experiencing 
resource depression, it may have been too risky to travel hundreds of miles to obtain bison meat when 
a strategy of resource intensification and diversification seemed to be working for them. 
Previous Oneota researchers have noted that deer “were brought back to the settlement more 
or less in toto… [whereas bison and elk] were hunted at some distance from the settlement…. 
butchered at the kill sites… and only selected parts of the carcasses were brought back to the 
settlement” (Gradwohl 1973:83). Although the interpretation of carcass transport derived from this 
research does not differ substantially than the one of decades past, the difference now is that the 
application of contemporary zooarchaeological methods filtered through an optimal foraging 
theoretical approach allows for interpretations of how and why these faunal resources were utilized 
once transported to back to the village.   
Detailed quantification methods and meticulous surficial documentation demonstrates that the 
Class 3 and 4 faunal remains have a complex taphonomic history. The palimpsest assemblage 
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displays abundant evidence of dual-patterning with both human and non-human processes responsible 
for the assemblage’s current condition. To decipher which agent was most responsible for the highly 
fragmented remains, several lines of evidence were investigated including a rank-order correlation 
between volume density and element portions, long bone end to shaft ratios, carnivore modification, 
and spiral breakage. Accordingly, the overwhelming occurrence of spirally fractured long bone 
specimens absent of carnivore modification helps establish that the Howard Goodhue occupants were 
mostly responsible for the level of destruction and fragmentation observed.  
Following this critical inference, a scenario of carcass resource intensification including the 
procurement of meat, marrow, and grease is maintained through a subsistence strategy necessitated by 
the poor environmental conditions of the Pacific climatic episode followed by the Neo-Boreal 
climatic episode (Bryson and Baerreis 1968; Penman 1988). These episodes caused summer rains to 
diminish subsequently resulting in a cooling and drying trend in the Prairie Peninsula that likely 
disrupted the growing season in the region. As a result, maize production declined, wild game 
populations diffused, and the Moingona Oneota people responded by adopting a subsistence strategy 
of diet breadth expansion and intensification of available resources. Predictions posed by the PAP 
model demonstrate that the Howard Goodhue occupants were experiencing “bad” times dictated by 
the occurrence of spirally fractured phalanges suggesting marrow procurement of an element that 
provides energy inefficient caloric returns. Moreover, evidence to support grease manufacture 
behavior is suggestive of a need to utilize the resources at hand for nourishment during a time of 
resource depression even though the activity requires a large expenditure of energy that could have 
otherwise been spent searching for a more cost effective food resource.  
Several additional pieces of evidence concerning Moingona faunal subsistence add support to 
claims of resource depression. In addition to large terrestrial game, the Moingona diet included a wide 
array of small mammals, avian species, and aquatic resources to supplement their reliance on plant 
foods. Also notable are the several cutmarked canid and beaver specimens indicating these animals 
  
114
were also a source of food to the Howard Goodhue occupants. Although some cultures have been 
documented eating dogs during times of food stress (e.g., historic Pawnee, Bozell 1988), this claim 
although fitting, should be applied tentatively to the Moingona Oneota because dogs as a food source 
does not necessarily indicate resource depression.  
Not only has this research provided new insight into Moingona subsistence, it is also possible 
to address the current understanding of Moingona settlement patterns. Although several Moingona 
habitation sites are palimpsests, their associated faunal assemblages provide an essential tool to draw 
inferences concerning the season(s) of occupation. From the available data, these hunter-
horticulturists potentially mobilized west and north of the South River (15 km east of and parallel to 
the Middle River, see Figure 5.3) in the Des Moines River valley during the fall and winter using 
locations including the Christenson site, the Clarkson site, and the Howard Goodhue site. Before 
these winter camps were abandoned, it is likely that crops were planted in the spring to ensure at least 
some food supply when they returned. During the summer these larger groups may have dispersed 
into smaller family units and moved downstream east and south of the South River to locations 
including the Norman Dille site and the Dawson site. The Wildcat Creek site was originally 
interpreted as a summer village according to the large fish assemblage but this is uncertain 
considering the number of features, structures and faunal diversity.  
As more faunal assemblages are analyzed using contemporary zooarchaeological 
methodology, the model of Moingona settlement and subsistence will continue to be retooled into a 
more cohesive dynamic cultural system. Kelly (2003) was not able to compare her results very 
effectively with other sites because MNE data was simply not available, Otarola-Castillo (2006) was 
at least able to compare his results with hers and I was able to stand on their shoulders with a 
comparison of their data to mine. I implore more researchers to continue the reexamination of 
Moingona faunal remains in the pursuit of a more satisfactory model concerning the lifeways of this 
intriguing archaeological culture. 
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Figure 6.1. Central Iowa study area. 
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 In an effort to promote future 
research, a landscape model was created 
using GIS to identify known prehistoric 
residential sites (Woodland, Oneota and 
Late Prehistoric with no cultural 
affiliation) in central Iowa that are most 
similar to the Howard Goodhue site in 
terms of their locations attributes (Hall 
2006). Since Moingona subsistence is 
reliant upon the utilization of a multitude of plant and animal resources, residential sites that share the 
most locational attributes with the Howard Goodhue site might potentially, after a reexamination of 
the faunal material, add additional insight into the refined Moingona model of settlement and 
subsistence offered in this thesis. 
 The study area chosen for this project is central Iowa including Boone, Dallas, Jasper, 
Madison, Marion, Polk, Story, and Warren counties (Figure 6.1). This study area was chosen because 
it encapsulates the majority of the 
spatial range of the Moingona 
phase Oneota occupation within 
the region. To ascertain the level of 
similarity that central Iowa 
habitation sites share with the 
Howard Goodhue site pertaining to 
locational attributes, methods of 
Table 6.1. Environmental attributes of the Howard Goodhue Site. 
Environmental Variable 13PK1 attributes 
Landscape Position Stream terrace, Floodplain 
Corn Suitability Rating 82 - 92 
Parent Material 
Alluvium, Loamy Sediments / 
Calcareous Sand and Gravel 
Flooding Frequency None, Rare, Occasionally 
Clay Content 22 - 33% 
Slope Range 0 - 2% 
Aspect Flat 
Historic Vegetation Prairie 
    Distance to Transitional 700 m 
    Distance to Forest 2,100 m 
Distance to River 1,300 m 
Distance to Lithic Material 45.5 km 
Distance to Game-spotting position 4 km 
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Boolean logic were employed. Boolean logic is simply a system that enables complex relationships to 
be reduced to statements of true or false based on the simple mathematical operators “and”, “or”, and 
“not” (Brown 1990). Specifically, this method offers a simple yet powerful way to observe 
overlapping relationships to evaluate levels of similarity of environmental variables between 
residential sites. Table 6.1 lists the environmental variables extracted at the Howard Goodhue site that 
were used to calculate levels of similarity. 
Using a Boolean overlay application of ratio-weighted composite scores of the environmental 
variables listed in Table 6.1, 11 prehistoric residential sites were determined to be highly similar to 
the Howard Goodhue site (Figure 6.2; see Hall 2006:22-28 for a detailed explanation of the methods 
used). Appendix D lists the ratio-weighted composite scores for all of the habitation sites within the 
study area (only those with a standardized value of greater than 90 out of 100 were determined to be 
most similar to the Howard 
Goodhue site. Accordingly, sites 
13DA162 and 13WA26 are 
prehistoric (no cultural affiliation), 
sites 13PK112, 13MA54, 13MA302 
and 13WA147 are Woodland, and 
sites 13MA208 (Norman Dille), 
13MA209 (Wildcat Creek), 13WA2 
(Clarkson), and 13WA108 (no 
name) are Oneota. If a priority could 
be placed on site reexamination, I 
would place Wildcat Creek at the 
top of the list because it has the 
Figure 6.2. Central Iowa habitation sites determined to be most 
similar to the Howard Goodhue Site based on ratio “weighted” 
composite scores. 
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potential to contribute much information to the proposed model of Moingona resource depression and 
seasonal mobility. In addition, the Woodland sites identified here offer a way to evaluate claims of 
resource depression because they mark an earlier period of prehistoric occupation in central Iowa that 
may not have been affected by climatic change. Specifically, I implore a future researcher to explore 
the faunal exploitation of these Woodland sites and compare findings with implications set forth in 
this thesis. If it can be determined that a greater frequency of large game were exploited during a 
period prior to the Moingona occupation, support would be added to the suggested claims of resource 
depression. 
 
CONCLUDING REMARKS 
 Almost a half century ago, Willey and Phillips (1958:2) professed the now almost colloquial 
“archaeology is anthropology or it is nothing.” Archaeologists should be reminded of this from time 
to time because the furtherance of our understanding of Culture should be the end goal because 
ostensibly we are constantly faced with the criticism that “archaeologists have not made major 
explanatory contributions to the field of anthropology because they do not conceive of archaeological 
data in a systemic frame of reference” (Binford 1962:217, emphasis added). This research has 
attempted to use grounded inferences drawn from a middle range application of documented human 
behavior observed in the ethnohistorical and ethnoarchaeological record to bridge the gap between 
archaeological stasis and cultural dynamics.  
In Chapter 2, the question was posed “Under a certain set of conditions, how do different 
hunter-gatherers respond to decisions pertaining to their subsistence?” The combination of countless 
variables including but not limited to social, political, technological, and/or environmental factors 
potentially influenced Moingona decisions of settlement and subsistence. This seemingly unlimited 
range of behavioral variability was reduced using predictions from Behavioral Ecology interpretive 
frameworks (i.e., Central Place Foraging and the Marginal Value Theorem) in conjunction with 
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inferences drawn from documented ethnohistorical and ethnoarchaeological middle range behavioral 
observations. Using these interpretive tools, I believe a strong case has been built supporting the 
claim of resource depression during the Moingona Oneota occupation of central Iowa and that these 
people over several generations adapted to their situation through resource diversification (i.e., 
expanding diet breadth), resource intensification (i.e., grease procurement), and seasonal mobility 
within the Des Moines River valley to prevent the overexploitation of preferred residential localities.  
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APPENDICES 
 
Appendix A: Element Codes 
 
Cranium/Teeth 
ANT antler 
CRN cranium 
MR mandible 
MUN indeterminate molar 
PUN indeterminate premolar 
TFR indeterminate tooth fragment 
HY stylohyoid 
 
Postcranial Axial 
AT atlas vertebra 
AX axis vertebra 
CE cervical vertebra 
TH thoracic vertebra 
LM lumbar vertebra 
VT indeterminate vertebra 
RB rib 
SN sternal element 
CS costal cartilage 
SA sacral vertebra 
SAC complete sacrum 
CA caudal vertebra 
 
Appendicular (Forelimb) 
SC scapula 
HM humerus 
RD radius 
RDU radius-ulna 
UL ulna 
CP all carpals 
CPI intermediate carpal 
CPR radial carpal 
CPU ulnar carpal 
CPS fused 2nd and 3rd carpal 
CPA accessory carpal 
CPF 4th carpal 
CP? indeterminate carpal 
MC metacarpal 
 
Appendicular (Hindlimb) 
IM innominate 
FM femur 
TA tibia 
TR all tarsals 
LTM lateral malleolus 
AS astragalus 
CL calcaneus 
TRC fused central and 4th tarsal 
TRS fused 2nd and 3rd tarsal 
TRF 1st tarsal 
PT patella 
TR? indeterminate tarsal 
MT metatarsal 
 
Other Appendicular 
MP indeterminate metapodial 
PH all phalanges 
PHF 1st phalanx 
PHS 2nd phalanx 
PHT 3rd phalanx 
PH? indeterminate phalanx 
VP all vestigial phalanges 
VPF 1st vestigial phalanx 
VPS 2nd vestigial phalanx 
VPT 3rd vestigial phalanx 
SES all sesamoids 
SEP proximal sesamoid 
SED distal sesamoid 
SDC distal caudal sesamoid 
SE? indeterminate sesamoid 
 
Fragments 
LB indeterminate long bone 
FB indeterminate flat bone 
CB indeterminate cancellous bone 
UN unidentifiable fragment 
 
MCF 5th metacarpal  
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Appendix B.  Class 3 Spearman's rank-order correlation with volume density.  
ELEMENTS SCAN MNE MAU %MAU VD rs p-value 
Mandible - - - - - -0.399 0.33 
  DN1 6 3.0 13.3 0.55   
  DN2 0 0.0 0.0 0.57   
  DN3 0 0.0 0.0 0.55   
  DN4 0 0.0 0.0 0.57   
  DN5 0 0.0 0.0 0.57   
  DN6 4 2.0 8.9 0.31   
  DN7 2 1.0 4.4 0.36   
  DN8 3 1.5 6.7 0.61   
Atlas - - - - - - - 
  AT1 4 4.0 17.8 0.13   
  AT2 2 2.0 8.9 0.15   
  AT3 2 2.0 8.9 0.26   
Axis - - - - - - - 
  AX1 8 8.0 35.6 0.16   
  AX2 0 0.0 0.0 0.10   
  AX3 0 0.0 0.0 0.16   
Cervical Vertebra - - - - - - - 
  CE1 26 5.2 23.1 0.19   
  CE2 22 4.4 19.6 0.15   
Thoracic Vertebra - - - - - - - 
  TH1 14 1.1 4.8 0.42   
  TH2 8 0.6 2.8 0.38   
Lumbar Vertebra - - - - - - - 
  LU1 10 1.7 7.4 0.29   
  LU2 16 2.7 11.9 0.30   
  LU3 4 0.7 3.0 0.29   
Rib - - - - - 0.600 0.29 
  RI1 24 0.9 4.1 0.26   
  RI2 22 0.8 3.8 0.25   
  RI3 19 0.7 3.2 0.40   
  RI4 2 0.1 0.3 0.24   
  RI5 3 0.1 0.5 0.14   
Scapula - - - - - 0.667 0.22 
  SP1 11 5.5 24.4 0.36   
  SP2 15 7.5 33.3 0.49   
  SP3 3 1.5 6.7 0.23   
  SP4 1 0.5 2.2 0.34   
  SP5 1 0.5 2.2 0.28   
Humerus - - - - - 0.700 0.19 
   Proximal End HU1 6 3.0 13.3 0.24   
   Proximal Shaft HU2 8 4.0 17.8 0.25   
   Mid Shaft HU3 13 6.5 28.9 0.53   
   Distal Shaft HU4 17 8.5 37.8 0.63   
   Distal End HU5 4 2.0 8.9 0.39   
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Appendix B. Continued. 
ELEMENTS SCAN MNE MAU %MAU VD rs p-value 
Radius - - - - - 0.400 0.51 
   Proximal End RA1 8 4.0 17.8 0.48   
   Proximal Shaft RA2 9 4.5 20.0 0.56   
   Mid Shaft RA3 11 5.5 24.4 0.62   
   Distal Shaft RA4 5 2.5 11.1 0.42   
   Distal End RA5 10 5.0 22.2 0.35   
Ulna - - - - - - - 
  UL1 0 0.0 0.0 0.30   
  UL2 9 4.5 20.0 0.45   
  UL3 2 1.0 4.4 0.44   
Metacarpal - - - - - 0.205 0.74 
   Proximal End MC1 12 6.0 26.7 0.56   
   Proximal Shaft MC2 12 6.0 26.7 0.69   
   Mid Shaft MC3 2 1.0 4.4 0.72   
   Distal Shaft MC4 7 3.5 15.6 0.58   
   Distal End MC6 1 0.5 2.2 0.51   
Innominate - - - - - 0.636 0.12 
  IL1 3 1.5 6.7 0.20   
  IL2 6 3.0 13.3 0.49   
  AC1 8 4.0 17.8 0.27   
  PU1 7 3.5 15.6 0.46   
  PU2 0 0.0 0.0 0.24   
  IS1 3 1.5 6.7 0.41   
  IS2 0 0.0 0.0 0.16   
Femur - - - - - -0.667 0.22 
   Proximal End FE1 6 3.0 13.3 0.41   
   Proximal Shaft FE3 20 10.0 44.4 0.33   
   Mid Shaft FE4 6 3.0 13.3 0.57   
   Distal Shaft FE5 12 6.0 26.7 0.37   
   Distal End FE6 8 4.0 17.8 0.28   
Tibia - - - - - 0.100 0.87 
   Proximal End TI1 9 4.5 20.0 0.30   
   Proximal Shaft TI2 13 6.5 28.9 0.32   
   Mid Shaft TI3 11 5.5 24.4 0.74   
   Distal Shaft TI4 12 6.0 26.7 0.51   
   Distal End TI5 15 7.5 33.3 0.50   
Calcaneus - - - - - 0.600 0.40 
  CA1 29 14.5 64.4 0.41   
  CA2 34 17.0 75.6 0.64   
  CA3 39 19.5 86.7 0.57   
  CA4 30 15.0 66.7 0.33   
Astragalus - - - - - - - 
  AS1 45 22.5 100.0 0.47   
  AS2 45 22.5 100.0 0.59   
  AS3 45 22.5 100.0 0.61   
 
 
  
142
Appendix B. Continued. 
ELEMENTS SCAN MNE MAU %MAU VD rs p-value 
Metatarsal - - - - - 0.103 0.87 
   Proximal End MR1 10 5.0 22.2 0.55   
   Proximal Shaft MR2 11 5.5 24.4 0.65   
   Mid Shaft MR3 3 1.5 6.7 0.74   
   Distal Shaft MR4 5 2.5 11.1 0.57   
   Distal End MR6 3 1.5 6.7 0.50   
First Phalange - - - - - - - 
  P11 68 8.5 37.8 0.36   
  P12 61 7.6 33.9 0.42   
  P13 73 8.6 38.4 0.57   
Second Phalange - - - - - - - 
  P21 64 8.0 35.6 0.28   
  P22 49 6.1 27.2 0.25   
  P23 57 7.1 31.7 0.35   
Third Phalange - - - - - - - 
  P31 68 8.5 37.8 0.25   
ASSEMBLAGE       0.294 0.20 
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Appendix C. Class 4 Spearman's rank-order correlation with volume density.  
ELEMENTS MNE MAU %MAU VD SCAN rs p-value 
Atlas - - - - - - - 
  2 2.00 50.0 0.52 AT1   
  2 2.00 50.0 0.91 AT2   
  1 1.00 25.0 0.34 AT3   
Axis - - - - - - - 
  0 0.00 0.0 0.65 AX1   
  0 0.00 0.0 0.38 AX2   
  1 1.00 25.0 0.97 AX3   
Cervical Vertebra - - - - - - - 
  5 1.00 25.0 0.37 CE1   
  3 0.60 15.0 0.62 CE2   
Thoracic Vertebra - - - - - - - 
  6 0.43 10.7 0.42 TH1   
  3 0.21 5.4 0.38 TH2   
Lumbar Vertebra - - - - - - - 
  6 1.20 30.0 0.31 LU1   
  4 0.80 20.0 0.11 LU2   
  3 0.60 15.0 0.39 LU3   
Rib - - - - - 0.205 0.74 
  4 0.17 4.3 0.27 RI1   
  6 0.26 6.5 0.35 RI2   
  5 0.22 5.4 0.57 RI3   
  1 0.04 1.1 0.55 RI4   
  1 0.04 1.1 0.33 RI5   
Scapula - - - - - 0.359 0.55 
  5 2.50 62.5 0.50 SP1   
  2 1.00 25.0 0.48 SP2   
  1 0.50 12.5 0.28 SP3   
  2 1.00 25.0 0.43 SP4   
  4 2.00 50.0 0.17 SP5   
Humerus - - - - - -0.671 0.22 
   Proximal End 3 1.50 37.5 0.24 HU1   
   Proximal Shaft 2 1.00 25.0 0.25 HU2   
   Mid Shaft 1 0.50 12.5 0.45 HU3   
   Distal Shaft 2 1.00 25.0 0.48 HU4   
   Distal End 2 1.00 25.0 0.38 HU5   
Radius - - - - - 0.354 0.56 
   Proximal End 2 1.00 25.0 0.48 RA1   
   Proximal Shaft 3 1.50 37.5 0.56 RA2   
   Mid Shaft 2 1.00 25.0 0.62 RA3   
   Distal Shaft 2 1.00 25.0 0.42 RA4   
   Distal End 2 1.00 25.0 0.35 RA5   
Ulna - - - - - - - 
  0 0.00 0.0 0.34 UL1   
  4 2.00 50.0 0.69 UL2   
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Appendix C. Continued. 
ELEMENTS MNE MAU %MAU VD SCAN rs p-value 
Metacarpal - - - - - 0.894 0.04* 
   Proximal End 2 1.00 25.0 0.59 MC1   
   Proximal Shaft 2 1.00 25.0 0.63 MC2   
   Mid Shaft 3 1.50 37.5 0.69 MC3   
   Distal Shaft 2 1.00 25.0 0.60 MC4   
   Distal End 0 0.00 0.0 0.53 MC6   
Innominate - - - - - 0.771 0.04* 
  1 0.50 12.5 0.22 IL1   
  1 0.50 12.5 0.52 IL2   
  3 1.50 37.5 0.53 AC1   
  2 1.00 25.0 0.55 PU1   
  0 0.00 0.0 0.39 PU2   
  2 1.00 25.0 0.50 IS1   
  0 0.00 0.0 0.19 IS2   
Femur - - - - - -0.379 0.53 
   Proximal End 3 1.50 37.5 0.31 FE1   
   Proximal Shaft 1 0.50 12.5 0.34 FE3   
   Mid Shaft 1 0.50 12.5 0.34 FE4   
   Distal Shaft 2 1.00 25.0 0.45 FE5   
   Distal End 2 1.00 25.0 0.26 FE6   
Tibia - - - - - 0.363 0.55 
   Proximal End 1 0.50 12.5 0.41 TI1   
   Proximal Shaft 4 2.00 50.0 0.58 TI2   
   Mid Shaft 1 0.50 12.5 0.76 TI3   
   Distal Shaft 1 0.50 12.5 0.44 TI4   
   Distal End 1 0.50 12.5 0.41 TI5   
Calcaneus - - - - - 0.447 0.55 
  5 2.50 62.5 0.46 CA1   
  6 3.00 75.0 0.80 CA2   
  6 3.00 75.0 0.49 CA3   
  5 2.50 62.5 0.66 CA4   
Metatarsal - - - - - -0.354 0.56 
   Proximal End 1 0.50 12.5 0.52 MR1   
   Proximal Shaft 1 0.50 12.5 0.59 MR2   
   Mid Shaft 1 0.50 12.5 0.67 MR3   
   Distal Shaft 3 1.50 37.5 0.51 MR4   
   Distal End 1 0.50 12.5 0.48 MR6   
Third Phalange - - - - - - - 
  32 4.00 100.0 0.48 P11   
  27 3.38 84.4 0.46 P12   
  25 3.13 78.1 0.48 P13   
Second Phalange - - - - - - - 
  29 3.63 90.6 0.41 P21   
  28 3.50 87.5 0.46 P23   
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Appendix C. Continued. 
ELEMENTS MNE MAU %MAU VD SCAN rs p-value 
Third Phalange - - - - - - - 
  24 3.00 75.0 0.32 P31   
ASSEMBLAGE - - - - - 0.081 0.74 
* Indicates significant value (p < .05).  
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Appendix D. Ratio-weighted composite scores for central Iowa habitation sites. 
Site Mean Score Truncated Score Standardized Score 
13PK1 727.0 727 100.0 
13WA26 727.0 727 100.0 
13MA209 718.2 718 98.8 
13WA108 709.2 709 97.5 
13MA54 709.0 709 97.5 
13MA208 677.0 677 93.1 
13PK112 677.0 677 93.1 
13MA302 676.9 676 93.0 
13DA162 673.3 673 92.6 
13WA2 669.4 669 92.0 
13WA147 655.0 655 90.1 
13BN106 654.4 654 90.0 
13PK333 646.0 646 88.9 
13WA169 637.0 637 87.6 
13MA213 635.8 635 87.3 
13MD19 632.0 632 86.9 
13DA180 632.0 632 86.9 
13PK155 631.7 631 86.8 
13PK260 629.6 629 86.5 
13BN211 628.3 628 86.4 
13MA328 626.0 626 86.1 
13WA132 624.5 624 85.8 
13PK319 624.2 624 85.8 
13WA130 620.6 620 85.3 
13MA264 620.0 620 85.3 
13MA372 620.0 620 85.3 
13BN141 617.9 617 84.9 
13BN294 614.2 614 84.5 
13MA551 603.0 603 82.9 
13MD27 601.0 601 82.7 
13DA12 598.0 598 82.3 
13DA89 598.0 598 82.3 
13JP174 597.5 597 82.1 
13MA350 597.0 597 82.1 
13BN130 595.3 595 81.8 
13BN102 590.0 590 81.2 
13PK324 589.3 589 81.0 
13PK730/DA133 589.0 589 81.0 
13BN168 583.2 583 80.2 
13DA112 578.4 578 79.5 
13MA177 578.0 578 79.5 
13DA126 575.7 575 79.1 
13DA131 571.0 571 78.5 
13BN396/DA156 570.8 570 78.4 
13DA135 570.5 570 78.4 
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Appendix D. Continued.  
Site Mean Score Truncated Score Standardized Score 
13PK134 570.0 570 78.4 
13DA142 568.0 568 78.1 
13BN30 567.2 567 78.0 
13DA316 567.1 567 78.0 
13PK532 567.0 567 78.0 
13MA207 566.0 566 77.9 
13MA542 565.9 565 77.7 
13DA62 556.8 556 76.5 
13PK627 552.3 552 75.9 
13BN124 549.3 549 75.5 
13SR178 544.6 544 74.8 
13DA140 542.0 542 74.6 
13PK413 540.8 540 74.3 
13MA216 540.0 540 74.3 
13DA111 539.6 539 74.1 
13DA333 538.7 538 74.0 
13DA130 535.4 535 73.6 
13PK135 534.1 534 73.5 
13BN204 534.0 534 73.5 
13BN114 533.7 533 73.3 
13BN403 533.1 533 73.3 
13WA173 533.0 533 73.3 
13BN182 532.3 532 73.2 
13DA34 531.4 531 73.0 
13PK283 531.0 531 73.0 
13PK410 530.9 530 72.9 
13DA329 530.9 530 72.9 
13BN296 528.7 528 72.6 
13BN203 527.0 526 72.4 
13PK407 525.9 525 72.2 
13DA118 525.3 525 72.2 
13DA147 525.0 525 72.2 
13WA40 524.9 524 72.1 
13DA110 524.6 524 72.1 
13JP37 522.0 522 71.8 
13MA395 518.6 518 71.3 
13DA144 518.3 518 71.3 
13BN210 517.2 517 71.1 
13SR110 516.8 516 71.0 
13MA66 516.7 516 71.0 
13DA127 516.7 516 71.0 
13MA61 516.4 516 71.0 
13DA264 516.0 516 71.0 
13MA65 516.0 516 71.0 
13MA202 515.0 515 70.8 
13MA384 515.0 515 70.8 
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Appendix D. Continued.  
Site Mean Score Truncated Score Standardized Score 
13MA396 515.0 515 70.8 
13MA57 515.0 515 70.8 
13MA64 515.0 515 70.8 
13MA67 515.0 515 70.8 
13MA68 515.0 515 70.8 
13MA69 515.0 515 70.8 
13MA72 515.0 515 70.8 
13MA73 515.0 515 70.8 
13MA58 512.9 512 70.4 
13PK325 510.5 510 70.2 
13WA170 510.0 510 70.2 
13DA156/BN396 509.1 509 70.0 
13BN125 508.9 508 69.9 
13BN54 507.8 507 69.7 
13MA387 506.4 506 69.6 
13DA136 505.0 505 69.5 
13DA155 504.0 504 69.3 
13PK323 504.0 504 69.3 
13DA134 503.8 503 69.2 
13DA104 500.6 500 68.8 
13DA154 498.9 498 68.5 
13BN118 495.9 495 68.1 
13MA10 495.0 495 68.1 
13PK596 491.0 491 67.5 
13SR64 490.0 490 67.4 
13BN206 490.0 490 67.4 
13BN225 490.0 490 67.4 
13BN362 490.0 490 67.4 
13PK132 489.5 489 67.3 
13JP110 489.0 489 67.3 
13DA107 488.0 488 67.1 
13JP109 487.5 487 67.0 
13PK229 485.8 485 66.7 
13MA174 485.3 485 66.7 
13JP90 485.0 485 66.7 
13MD54 483.0 483 66.4 
13JP138 483.0 483 66.4 
13SR10 483.0 483 66.4 
13SR190 483.0 483 66.4 
13SR261 483.0 483 66.4 
13SR69 483.0 483 66.4 
13MA397 480.7 480 66.0 
13MA550 480.0 480 66.0 
13PK111 478.5 478 65.7 
13DA146 477.5 477 65.6 
13MA522 477.5 477 65.6 
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Appendix D. Continued.  
Site Mean Score Truncated Score Standardized Score 
13BN40 476.6 476 65.5 
13SR176 476.5 476 65.5 
13MA436 476.0 476 65.5 
13MA81 474.0 474 65.2 
13MA71 473.0 473 65.1 
13MA252 472.7 472 64.9 
13MA9 472.0 472 64.9 
13DA145 472.0 472 64.9 
13MA176 472.0 472 64.9 
13MA368 472.0 472 64.9 
13MA179 472.0 472 64.9 
13BN215 469.6 469 64.5 
13BN181 468.4 468 64.4 
13BN14 464.6 464 63.8 
13DA151 457.7 457 62.9 
13BN27 457.5 457 62.9 
13PK732 456.0 456 62.7 
13PK297 454.3 454 62.4 
13MD25 454.3 454 62.4 
13MA393 453.5 453 62.3 
13PK610 450.6 450 61.9 
13PK227 450.4 450 61.9 
13JP150 449.0 449 61.8 
13MA400 446.5 446 61.3 
13BN129 445.0 445 61.2 
13PK316 444.0 444 61.1 
13PK147 443.9 443 60.9 
13BN201 443.4 443 60.9 
13BN6 443.1 443 60.9 
13PK265 442.8 442 60.8 
13DA152 442.3 442 60.8 
13DA143 441.8 441 60.7 
13PK233 441.6 441 60.7 
13PK205 441.5 441 60.7 
13BN169 441.2 441 60.7 
13DA16 440.3 440 60.5 
13BN263 440.0 440 60.5 
13JP86 440.0 440 60.5 
13BN88 440.0 440 60.5 
13BN166 440.0 440 60.5 
13BN202 440.0 440 60.5 
13BN216 440.0 440 60.5 
13BN231 440.0 440 60.5 
13BN251 440.0 440 60.5 
13BN287 440.0 440 60.5 
13BN352 440.0 440 60.5 
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Site Mean Score Truncated Score Standardized Score 
13BN359 440.0 440 60.5 
13BN36 440.0 440 60.5 
13BN404 440.0 440 60.5 
13DA148 440.0 440 60.5 
13DA149 440.0 440 60.5 
13DA150 440.0 440 60.5 
13DA153 440.0 440 60.5 
13DA157 440.0 440 60.5 
13JP141 440.0 440 60.5 
13JP149 440.0 440 60.5 
13JP152 440.0 440 60.5 
13PK139 440.0 440 60.5 
13PK164 440.0 440 60.5 
13PK206 440.0 440 60.5 
13PK223 440.0 440 60.5 
13PK241 440.0 440 60.5 
13PK25 440.0 440 60.5 
13PK267 440.0 440 60.5 
13PK309 440.0 440 60.5 
13BN176 440.0 440 60.5 
13BN423 440.0 440 60.5 
13BN425 440.0 440 60.5 
13BN430 440.0 440 60.5 
13BN429 440.0 440 60.5 
13BN427 440.0 440 60.5 
13PK259 439.3 439 60.4 
13DA17 439.0 439 60.4 
13JP142 439.0 439 60.4 
13DA116 438.0 438 60.2 
13DA15 438.0 438 60.2 
13MD26 438.0 438 60.2 
13WA92 438.0 438 60.2 
13WA93 438.0 438 60.2 
13MA98 437.9 437 60.1 
13MA215 437.5 437 60.1 
13PK295 435.8 435 59.8 
13MA128 430.5 430 59.1 
13MA139 430.5 430 59.1 
13JP87 429.8 429 59.0 
13MA63 429.0 429 59.0 
13MA75 428.0 428 58.9 
13PK608 428.0 428 58.9 
13WA105 427.8 427 58.7 
13PK510 427.6 427 58.7 
13MA51 426.0 426 58.6 
13MA538 426.0 426 58.6 
    
  
151
Appendix D. Continued.  
Site Mean Score Truncated Score Standardized Score 
13MA554 426.0 426 58.6 
13MA60 426.0 426 58.6 
13MA74 426.0 426 58.6 
13MA96 426.0 426 58.6 
13MA97 426.0 426 58.6 
13PK251 425.0 425 58.5 
13MA78 423.2 423 58.2 
13PK305 422.6 422 58.0 
13MA178 421.5 421 57.9 
13MA137 417.4 417 57.4 
13PK198 416.0 416 57.2 
13MA80 412.5 412 56.7 
13MA141 410.1 410 56.4 
13PK165 410.0 410 56.4 
13JP143 408.4 408 56.1 
13PK311 406.8 406 55.8 
13PK194 406.7 406 55.8 
13MA447 405.8 405 55.7 
13DA138 404.4 404 55.6 
13BN291 403.5 403 55.4 
13PK232 398.2 398 54.7 
13PK405 398.0 398 54.7 
13MA362 397.7 397 54.6 
13BN51 397.6 397 54.6 
13MA120 397.2 397 54.6 
13PK108 397.2 397 54.6 
13DA247 397.0 397 54.6 
13PK310 396.0 396 54.5 
13PK146 395.7 395 54.3 
13MA44 395.1 395 54.3 
13DA317 395.1 395 54.3 
13WA94 395.0 395 54.3 
13PK296 394.5 394 54.2 
13BN328 394.2 394 54.2 
13JP127 394.0 394 54.2 
13JP132 394.0 394 54.2 
13JP136 394.0 394 54.2 
13PK270 394.0 394 54.2 
13PK280 394.0 394 54.2 
13PK802 394.0 394 54.2 
13MA219 392.0 392 53.9 
13MA140 391.6 391 53.8 
13PK197 390.5 390 53.6 
13PK794 389.5 389 53.5 
13MA408 387.0 387 53.2 
13MA553 383.0 383 52.7 
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Appendix D. Continued.  
Site Mean Score Truncated Score Standardized Score 
13BN107 382.2 382 52.5 
13PK763 379.0 379 52.1 
13MA343 378.0 378 52.0 
13PK178 378.0 378 52.0 
13PK114 373.4 373 51.3 
13JP162 372.5 372 51.2 
13PK19 372.0 372 51.2 
13DA141 371.9 371 51.0 
13PK195 371.4 371 51.0 
13PK145 367.2 367 50.5 
13PK169 366.3 366 50.3 
13PK681 364.4 364 50.1 
13DA311 363.0 363 49.9 
13DA69 360.6 360 49.5 
13PK142 360.6 360 49.5 
13PK313 360.4 360 49.5 
13PK275 360.0 360 49.5 
13PK288 360.0 360 49.5 
13PK312 360.0 360 49.5 
13MD121 357.8 357 49.1 
13PK598 351.0 351 48.3 
13PK803 351.0 351 48.3 
13PK131 343.1 343 47.2 
13MA119 342.2 342 47.0 
13PK138 336.8 336 46.2 
13MA138 332.0 332 45.7 
13PK136 318.2 318 43.7 
13PK606 314.8 314 43.2 
13SR166 305.5 305 42.0 
13MA437 303.0 303 41.7 
13PK314 302.8 302 41.5 
13MA424 298.0 298 41.0 
13MA428 298.0 298 41.0 
13DA1 283.0 283 38.9 
13PK122 278.7 278 38.2 
13PK153 266.0 266 36.6 
13PK315 266.0 266 36.6 
13PK336 259.0 259 35.6 
13MA129 226.6 226 31.1 
13MD89 226.0 226 31.1 
13PK61 214.5 214 29.4 
13MA423 209.0 209 28.7 
13PK128 195.0 195 26.8 
 
